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ABSTRACT
T h is  t h e s i s  d e s c r i b e s  r e s e a r c h  conduc ted  by th e  a u t h o r  u s i n g  a h i g h  
s e n s i t i v i t y ,  s h a d o w - s h i e l d , m o b i l e ,  whole body m o n i to r  and i s  p r i m a r i l y  
co nce rned  w i t h  i t s  c l i n i c a l  a p p l i c a t i o n s #
Whole, body o o u n t i n g - r a t e s  v a r y  when a d m i n i s t e r e d  r a d i o i s o t o p e s  a r e  
r e d i s t r i b u t e d  i n  th e  body.  S e v e r a l  methods o f  a s s e s s i n g  th e  m agni tude  
o f  g e o m e t r i c a l  v a r i a t i o n s  i n  c o u n t i n g - r a t e s  have been  b r o u g h t  t o g e t h e r .  
P o i n t  s o u r c e s  i n  s im p le  w a t e r  p han tom s,  a l i f e - l i k e  phantom man w i t h  
s i m u l a t e d  o rg a n s  and human s u b j e c t s  were s t u d i e d  and th e  r e l a t i v e  
im p o r tan c e  o f  th e  s o u r c e s  o f  v a r i a t i o n  and th e  v a lu e  o f  th e  methods 
a s s e s s e d .
Cobalamin e x c r e t i o n  r a t e s  were s t u d i e d  i n  p a t i e n t s  w i t h  r e n a l  and
h e p a t i c  d i s e a s e  from a b o u t  one week a f t e r  i n j e c t i o n  when, e v i d e n t l y  the
t r a c e r  dose  o f  v i t a m i n  B_ _ has e f f e c t i v e l y  e q u i l i b r a t e d  w i t h  body s t o r e s .I c
The d a i l y  coba lam in  l o s s  was a b n o rm a l ly  h ig h  i n  6 o u t  o f  8 p a t i e n t s  w i th '  
r e n a l  d i s e a s e  and 3 o u t  o f  6 w i t h  h e p a t i c  d i s e a s e .
I n  e v a l u a t i n g  th e  t r e a t m e n t  o f  v i t a m in  d e f i c i e n c y ,  th e  r e t e n t i o n
o f  t h r e e  p a r e n t e r a l l y  a d m i n i s t e r e d  v i t a m i n  compounds was i n v e s t i g a t e d .  
Prom t h e  r e s u l t s ,  m a in ten a n ce  s c h e d u l e s  c o u ld  be d e r i v e d  e m p i r i c a l l y  f o r  
p a t i e n t s  w i t h  u n c o m p l ic a te d  v i t a m i n  d e f i c i e n c y  and w i t h  c o n c o m i ta n t  
r e n a l  o r  h e p a t i c  d i s e a s e .
U s in g  a d o ub le  t r a c e r  t e c h n i q u e ,  th e  o r a l  a b s o r p t i o n  a t  d i f f e r e n t  
dose  l e v e l s  o f  coenzyme o t h e r  ooba lam ins  was m ea su re d .  The
f r a c t i o n  o f  th e  dose  a b so rb e d  a p p e a r s  to  be a f u n c t i o n  o f  b o t h  the  mass
V\'o
and t h e  s t r u c t u r e  o f  th e  c o b a la m in .
The human p r o s t a t e  g lan d  c o n t a i n s  a h ig h  c o n c e n t r a t i o n  o f  z in c  and 
when a c a r c in o m a to u s  change o c c u r s  i n  th e  g l a n d ,  t h e r e  i s  a d i s t i n c t  f a l l  
i n  t h e  z in c  c o n t e n t  o f  th e  p r o s t a t i c  t i s s u e .  A p r e l i m i n a r y  s tu d y  o f  th e  
whole body m etabo l i sm  and l o c a l  p r o s t a t i c  u p ta k e  o f  z i n c -6 5  was u n d e r ­
ta k e n  t o  p r o v id e  th e  b a s i s  o f  a method f o r  m ea su r ing  th e  r e s p o n s e  o f  
p r o s t a t i c  carc inom a t o  t h e r a p y .
The m e tab o l i sm  o f  i r o n - 5 9  was s t u d i e d  i n  an i n v e s t i g a t i o n  o f  th e  
anaemia  i n  p a t i e n t s  w i t h  c h r o n i c  r e n a l  f a i l u r e  and i n  p a t i e n t s  a l s o  
r e c e i v i n g  r e g u l a r  d i a l y s i s  t h e r a p y .  I t  was s u g g e s t e d  t h a t  the  anaemia  
r e s u l t s  from th e  d e p r e s s i o n  o f  e r y t h r o p o i e s i s  r a t h e r  t h a n  i r o n  d e f i c i e n c y .  
The h i g h  i r o n  t u r n o v e r  r a t e  i n  p a t i e n t s  r e c e i v i n g  r e g u l a r  d i a l y s i s  c o u ld  
be e x p l a i n e d  a lm o s t  e n t i r e l y  by th e  b lo od  l o s s e s  i n  th e  K o l f f  t w i n - c o i l  
a r t i f i c i a l  k id n e y .  Methods o f  m in im is in g  t h e s e  b lood  l o s s e s  a r e  s u g g e s t e d .
The m o n i to r  v/as c a l i b r a t e d  u s i n g  p o ta s s iu m -4 2  f o r  t h e  measurement  o f  
t o t a l  body p o ta s s iu m .  The p r e c i s i o n  o f  th e  c a l i b r a t i o n  and m o n i t o r i n g  
p r o c e d u r e s  were examined i n  d e t a i l .  A r e l a t i o n s h i p  was d e r i v e d  e n a b l i n g  
a c a l i b r a t i o n  f a c t o r  to  be c a l c u l a t e d  from a s u b j e c t ’ s w e ig h t  and h e i g h t .
I n  c l i n i c a l  p r a c t i c e ,  t h e  measurement  o f  t o t a l  body p o ta s s iu m  may o n ly  be 
m e a n in g f u l  i f  the  ’ n o rm a l '  v a lu e  i s  known; t h i s  v/as c o r r e l a t e d  w i t h  th e  
w e i g h t ,  h e i g h t  and age o f  th e  s u b j e c t .  To i l l u s t r a t e  t h e s e  t e c h n i q u e s ,  
t o t a l  body p o ta s s iu m  was measured i n  an i n v e s t i g a t i o n  o f  t h e  p o ta s s iu m  
s t a t u s  i n  p a t i e n t s  w i t h  chronic ,  r e n a l  f a i l u r e ,  rheum a to id  a r t h r i t i s  and 
f o l l o w i n g  u r e t e r o s i g m o i d  a n a s to m o s e s .
(i)
PREFACE
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shown by P r o f e s s o r  H. W, W i l s o n ,  D i r e c t o r  o f  t h e  S c o t t i s h  
R e s e a r c h  R e a c t o r  C e n t r e ,  was a l s o  g r e a t l y  a p p r e c i a t e d .
She i s  g r a t e f u l  t o  P r o f e s s o r s  J .  A. S t r o n g  and A, C. Kennedy,  
and t o  D r s .  J* P .  Adams, R. S c o t t ,  A. L. L i n t o n ,  D. H, Lawson,
G. W i l l ,  P. T o t h i l l ,  R. Hume, G, N u k i ,  A. Lam bie ,  M. Bone,  D. 
B r i g g s ,  R. L in d s a y  and W. K. S t e w a r t ,  i n  c o l l a b o r a t i o n  w i t h  whom 
t h e  c l i n i c a l  s t u d i e s  w ere  c a r r i e d  o u t ,  f o r  t h e i r  k i n d  c o - o p e r a t i o n .  
S t a t i s t i c a l  a d v i c e  on t h e  t r e a t m e n t  o f  d a t a  by Dr.  I .
Dunsmore,  U n i v e r s i t y  o f  Glasgow, was g r e a t l y  a p p r e c i a t e d .
The H o s p i t a l s  Endowments R e s e a r c h  T r u s t  k i n d l y  p r o v i d e d  t h e  
c a p i t a l  g r a n t  and s u p p o r t i n g  c o s t s  f o r  th e  c o n s t r u c t i o n  and 
o p e r a t i o n  o f  t h e  m o b i l e  whole  body m o n i t o r .
The a u t h o r  would a l s o  l i k e  t o  acknow ledge  t h e  a s s i s t a n c e  
g i v e n  by t h e  T r a c i n g  O f f i c e  and by  t h e  P h o t o g r a p h i c  and R e p ro ­
g r a p h i c  S e c t i o n s  o f  t h e  N a t i o n a l  E n g i n e e r i n g  L a b o r a t o r y ,  E a s t  
K i l b r i d e .
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INTRODUCTION
The h a r n e s s i n g  o f  n u c l e a r  power f o r  t h e  s e r v i c e  o f  man, 
w h ich  may he  r e g a r d e d  a s  t h e  g r e a t e s t  s c i e n t i f i c  and t e c h n i c a l  
a c h i e v e m e n t  o f  t h e  c e n t u r y ,  h a s  b een  a cc o m p an ied  by t h e  d e v e l o p ­
ment o f  a n o t h e r  new t e c h n o l o g y ,  d i f f e r e n t  i n  e s s e n c e ,  y e t  
i n s e p a r a b l e  f rom  i t ,  t h e  p r o d u c t i o n  and u s e s  o f  r a d i o a c t i v e  
i s o t o p e s »  A r t i f i c i a l l y  r a d i o a c t i v e  m a t e r i a l s ,  made a v a i l a b l e  
t h r o u g h  t h e  u s e  o f  n u c l e a r  r e a c t o r s ,  have  made v a l u a b l e  c o n t r i ­
b u t i o n s ,  n o t  o n l y  i n  t h e  s c i e n c e  l a b o r a t o r y ,  b u t  a l s o  i n  such  
p r a c t i c a l  f i e l d s  a s  m e d i c i n e ,  a g r i c u l t u r e  and i n d u s t r y .
N u c l e a r  m e d i c i n e  i s  t h a t  c l i n i c a l  d i s c i p l i n e  c o n c e r n e d  w i t h  
t h e  d i a g n o s t i c ,  t h e r a p e u t i c  and i n v e s t i g a t i v e  u s e s  o f  r a d i o n u c l i d e s #  
The g r e a t  ad v an c e  w h ich  h a s  t a k e n  p l a c e  i n  t h i s  s u b j e c t  d u r i n g  
t h e  p a s t  d e c a d e  would  n o t  h a v e  b e en  p o s s i b l e  w i t h o u t  t h e  r a p i d  
g ro w th  i n  n u c l e a r  s c i e n c e  and t e c h n o l o g y  d u r i n g  t h e  same p e r i o d .  
R a d i a t i o n  d e t e c t o r s  and t h e  a s s o c i a t e d  e l e c t r o n i c  e q u ip m e n t  have  
b e e n  g r e a t l y  im p ro v e d  and new d e v e lo p m e n t s  made l e a d i n g  t o  a w ho le  
g e n e r a t i o n  o f  e q u ip m e n t  some s p e c i f i c a l l y  f o r  t h e  n e e d s  o f  n u c l e a r  
m e d i c i n e ,  such  a s  whole  body  c o u n t e r s ,  r a d i o i s o t o p e . s c a n n e r s  and 
s c i n t i l l a t i o n  c a m e r a s .
•Whole body c o u n t i n g  c o n s i s t s  o f  t h e  m easu rem en t  o f  r a d i o a c t i v i t y
i n  t h e  body by a s e n s i t i v e  e x t e r n a l  r a d i a t i o n  -  d e t e c t i n g  i n s t r u ­
m en t .  I t  i s  t h e r e f o r e  c o n f i n e d  to  t h e  m easu rem en t  o f  r a d i o ­
i s o t o p e s  which  e m i t  r a d i a t i o n  c a p a b le  o f  p e n e t r a t i n g  t h e  body 
t i s s u e s  and o t h e r  a b s o r b i n g  m edia  p o s i t i o n e d  b e tw e e n  t h e  r a d i o ­
a c t i v e  d e p o s i t  i n  t h e  body and t h e  r a d i a t i o n  -  s e n s i t i v e  d e t e c t o r #  
The q u a n t i t i e s  o f  r a d i o a c t i v e  e l e m e n t s  o r  l a b e l l e d  compounds i n  
t h e  body a t  the  t im e  o f  m easu rem en t  can  be  a s s e s s e d .  M e d ic a l  
r e s e a r c h  w o r k e r s  w ere  among t h e  f i r s t  to  r e a l i s e  t h e  p o t e n t i a l i t i e s  
o f  t h e  r a d i o a c t i v e  t r a c e r  t e c h n i q u e  a s  a means o f  s t u d y i n g  th e  
com plex  m e t a b o l i c  p r o c e s s e s  w hich  go on i n s i d e  t h e  human body#
I f  p e r i o d i c  whole  body m ea su re m e n ts  a r e  combined  w i t h  s i m u l t a n e o u s  
m ea su re m e n ts  o f  t h e  r a d i o a c t i v i t y  i n  b l o o d ,  t i s s u e  o r  o r g a n s ,  
v a l u a b l e  i n f o r m a t i o n  can  be  o b t a i n e d  c o n c e r n i n g  t h e  m e ta b o l i s m  
o f  r a d i o a c t i v e  t r a c e r s #  They t h e r e f o r e  fo rm  t h e  b a s i s  o f  a 
most  p o w e r f u l  t e c h n i q u e  f o r  e x t e n d i n g  m e d i c a l  k n o w le d g e .  They 
have  b e e n  e s p e c i a l l y  u s e f u l  i n  e s t a b l i s h i n g  t h e  r o l e  o f  e l e m e n t s  
w h ich  a r e  p r e s e n t  o n l y  i n  v e r y  s m a l l  q u a n t i t i e s  i n  t h e  body ,  y e t  
seem t o  be  v i t a l  t o  i t s  h e a l t h .
The work d e s c r i b e d  i n  t h i s  t h e s i s  h a s  b e e n  c a r r i e d  o u t  i n  
t h e  MERLIN m o b i l e  s h a d o w - s h i e l d  whole  body m o n i to r#  The 
m o b i l e  u n i t  was d e v e l o p e d  s i n c e  no h o s p i t a l  i n  S c o t l a n d  p o s s e s s e d  
o r  had  e a s y  a c c e s s  to  a h i g h  s e n s i t i v i t y  c o u n t e r  e q u a l  t o  t h a t  
o f  a s t e e l  o r  l e a d  room. The S c o t t i s h  H o s p i t a l  Endowments
( ^ M o n i t o r i n g  E qu ipm en t  f o r  R a d i o a c t i v i t y  i n  Lov/ l e v e l s  IN v i v o * )
R e s e a r c h  T r u s t  aw arded  a  c a p i t a l  g r a n t  o f  £ 1 9 ,7 4 5  May, 1965,  
f o r  t h e  c o n s t r u c t i o n  o f  t h e  m o b i l e  m o n i t o r  (B oddy , 1 9 6 7 ) •  The 
e x t e r i o r  o f  t h e  v e h i c l e  i s  shown i n  F i g .  1 and t h e  i n t e r i o r  i n  
P i g .  2.
The s h i e l d i n g  c o m p r i s e s  7 t o n s  o f  p r e m o n i t o r e d  v i r g i n  l e a d  
b r i c k s  o f  2 i n c h  t h i c k n e s s  ( P i g .  3 ) .  A sod ium  i o d i d e  d e t e c t o r ,  
2 9 ,2  cm d i a m e t e r  by 1 0 .2  cm i s  ho used  i n  t h e  c e n t r a l  t u r r e t .
The i n t e r n a l  w i d t h  o f  t h e  m o n i t o r  i s  61 cm. A T.M.G. 4OO 
c h a n n e l  p u l s e  h e i g h t  a n a l y s e r  w i t h  a r e s o l v e r  i n t e g r a t o r  u n i t  
and a t y p e - p u n c h - r e a d  c o n t r o l  u n i t  i n c l u d i n g  EHT s u p p l y  were 
c h o s e n .  O t h e r  e q u ip m e n t  i n c l u d e s  t y p e w r i t e r ,  t a p e  r e a d o u t  and 
a t a p e  r e a d e r .  F i l t e r  and s t a b i l i s e r  u n i t s ,  a r e  u s e d  t o  
m in im is e  f l u c t u a t i o n s  and s u r g e s  i n  th e  m a in s  v o l t a g e .  To 
a l l o w  t h e  change  f rom  t h e  m a in s  e l e c t r i c a l  s u p p l y  t o  t h e  v e h i c l e  
g e n e r a t o r ,  and v i c e  v e r s a ,  t o  be  made w i t h o u t  d e - e n e r g i s i n g  
and t h e r e f o r e  d e - s t a b i l i s i n g  t h e  e l e c t r o n i c  e q u ip m e n t ,  a c h a n g e ­
o v e r  u n i t  was i n s t a l l e d .  The l a y - o u t  o f  t h e  e l e c t r o n i c  e q u i p ­
ment i s  shown d i a g r a m m a t i c a l l y  i n  P i g .  4#
The s c a n n i n g - b e d  g e o m e t ry  i s  employed i n  w h ich  t h e  p a t i e n t ,  
l y i n g  on a  m o t o r i s e d  c o u c h ,  p a s s e s  b e n e a t h  t h e  d e t e c t o r  f rom 
head  t o  f e e t  i n  t h e  s u p i n e  p o s i t i o n  and i n  t h e  r e v e r s e  d i r e c t i o n  
i n  t h e  p r o n e  p o s i t i o n .  The s c a n n i n g  l e n g t h  can  be v a r i e d  up t o  
275 cm and m e a su re m e n ts  made w i t h  a  bed  t o  c r y s t a l  f a c e  d i s t a n c e  







































































o f  t h e  m o t o r i s e d  co u ch  can  be  a l t e r e d  t o  g i v e  a minimum s c a n n i n g  
t im e  o f  40*75 cm/min and a maximum o f  4*58 cm/min.  The c o u n t i n g  
i s  a u t o m a t i c a l l y  s t a r t e d  and s t o p p e d  by  a d j u s t a b l e  m i c r o - s w i t c h e s  
w h ic h  a r e  s e t  a c c o r d i n g  t o  t h e  p a t i e n t ' s  h e i g h t .
The s c a n n i n g - b e d  g e o m e t ry  c an  be  c h a n g e d ,  by m o d i f i c a t i o n  
o f  t h e  s h i e l d ,  t o  a t i l t i n g - c h a i r  g e o m e t r y ,  t h u s  a c c o m o d a t in g  
p a t i e n t s  who c a n n o t  l i e  f l a t  (B o d d y , I 9 6 7 )•  The t i l t i n g - c h a i r  
g e o m e t ry  was n o t  u s e d  f o r  t h e  work  d e s c r i b e d  i n  t h i s  t h e s i s .
By u s i n g  b a c k g r o u n d  i n d i c e s  (cpm p e r  u n i t  c r y s t a l  v o lu m e ) ,  
a  c o m p a r i s o n  o f  t h e  p e r f o r m a n c e  o f  MERLIN w i t h  t h a t  o f  o t h e r  
whole  body m o n i t o r s  i n  B r i t a i n  i s  shown i n  T a b le  1, An 
i n d i c a t i o n  o f  t h e  m o n i t o r ' s  s e n s i t i v i t y  f o r  i r o n - 5 9 ,  c o b a l t - 5 7 ,  
c o b a l t —58  and p o t a s s i u m - 4 0  i s  p r e s e n t e d  i n  T a b le  2 ,  A more 
d e t a i l e d  d e s c r i p t i o n  o f  t h e  m o n i t o r  and o f  i t s  p e r f o r m a n c e  has  
b e e n  r e p o r t e d  by  t h e  a u t h o r  ( K i n g , 1967 )* T h i s  p r e s e n t  t h e s i s  
e x t e n d s  t h i s  d e s c r i p t i o n  t o  p a r a m e t e r s  w h ic h  a r e  o f  d i r e c t  
c l i n i c a l  r e l e v a n c e .  The t h e s i s  i s  p r i m a r i l y  c o n c e rn e d  w i t h  t h e  
a p p l i c a t i o n  o f  t h e  w ho le  body  m o n i t o r  i n  s t u d i e s  o f  v i t a m i n  B^^
and i r o n  m e t a b o l i s m ,  z i n c  u p t a k e  i n  p r o s t a t i c  c a r c in o m a  and th e  
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TABLE 2
4" ^P e r f o r m a n c e  d a t a  f o r  s c a n  on p a t i e n t  o r  phantom
ISOTOPE ENERGY RANGE 
MeV
cpm /  uCi BACKGROUND
cpm
1. D e t e c t o r  i n  
h i g h  p o s i t i o n
Fe -  59 + 0 . 4  -  1 . 3 8 1 4 ,8 0 0 1055
1 . 0  -  1 . 3 8 6 , 9 0 0 238
Co -  57 * 0 . 0 3  -  0 . 1 7
Co -  58 0 . 3 *“ 1 . 0 1 3 ,0 0 0 1104
0 . 7 4  -  0 . 8 9 7 ,0 0 0 153
2* D e t e c t o r  i n  
low p o s i t i o n
K — 40 1 ,3 6  -  1 .5 6 0 . 9 6 117
Pe -  59 ^ 0 . 4  -  1 . 3 8 2 7 ,9 0 0 1150
1 . 0  -  1 . 3 8 1 3 ,3 0 0 260
cpm /  gK i n  phantom .
CHAPTER I I
ASSESSMENT OF GEOMETRICAL VARIATIONS IN 
COUNTINQ-RATES
INTRODUCTION
Whole body c o u n t i n g - r a t e s  v a r y  when a d m i n i s t e r e d  r a d i o ­
i s o t o p e s  a r e  r e d i s t r i b u t e d  i n  t h e  body.  A p r o p e r  d e s i g n  o f  
o f  whole  body m o n i t o r  w i l l  h e l p  to  m in im is e  t h e  p ro b le m s  o f  
whole  body r a d i o a c t i v i t y  m e a s u re m e n ts ,  A d e t e c t o r - t o - b o d y  
g e o m e try  s h o u ld  be  c h o s e n  a im i n g  f o r  a r e s p o n s e  o f  t h e  c o u n t e r  
t o  p h o to n s  e m i t t e d  from  th e  body  a s  i n d e p e n d e n t  o f  body b u i l d  
and t h e  d i s t r i b u t i o n  o f  t h e  r a d i o a c t i v i t y  w i t h i n  t h e  body as  
p o s s i b l e .
S e v e r a l  m e th o ds  o f  a s s e s s i n g  th e  m a g n i tu d e  o f  t h e s e  
g e o m e t r i c a l  v a r i a t i o n s  have  b e e n  s t u d i e d ,  b e g i n n i n g  w i t h  p o i n t  
s o u r c e s  i n  s im p le  w a t e r  phan tom s (Boddy, 19^6)  and p r o g r e s s i n g  
to  m ea su re m e n ts  w i t h  a l i f e - l i k e  phantom man w i t h  a human 
s k e l e t o n  and c o m p a r tm e n ts  s i m u l a t i n g  v a r i o u s  o r g a n s  o f  t h e  body 
(Boddy e t  a l . ,  I 969  A). S t u d i e s  w i t h  human s u b j e c t s ,  a s  th e  most  
r e a l i s t i c  a s s e s s m e n t ,  were  o b t a i n e d  by t h e  r o u t i n e  u se  o f  t h e  
whole  body m o n i t o r .
A p r e l i m i n a r y  s t u d y  sh o w in g  th e  r e d i s t r i b u t i o n  e f f e c t s  o f  
i r o n - 5 9 y w i t h  an  a n a l y s i s  o f  t h e  r e s u l t i n g  e r r o r s ,  i n  t h e  phantom
man and i n  a p a t i e n t  have b e e n  r e p o r t e d  by t h e  a u t h o r  ( K in g ,
1 9 6 7 ) .
MATERIALS AND METHODS
The l o n g i t u d i n a l  and l a t e r a l  v a r i a t i o n s  were  s t u d i e d  u s i n g  
an ampoule  c o n t a i n i n g  sodium—22 i n  a  s i m p le  w a t e r  phan tom ,  
p l a c e d  a t  r e g u l a r  i n t e r v a l s  a l o n g  th e  l o n g i t u d i n a l  and l a t e r a l  
a x e s  o f  t h e  m o n i t o r  a t  t h e  h e i g h t  o f  t h e  p a t i e n t  m i d - l i n e .
E n e rg y  b a n ds  c o r r e s p o n d i n g  t o  t h e  0 . 5I  MeV and 1*28 MeV gamma 
r a y s  were  u s e d .
The v a r i a t i o n  o f  t h e  c o u n t i n g - r a t e  w i t h  d e p t h  i n  t h e  body 
v/as i n v e s t i g a t e d  u s i n g  a 20 cm d eep  w a t e r  phantom , p l a c e d  d i r e c t l y  
b e n e a t h  t h e  d e t e c t o r ,  and a s m a l l  p l a n a r  c o b a l t - 6 0  s o u rc e *
R e s u l t s  were  o b t a i n e d  w i t h  t h e  d e t e c t o r  i n  b o t h  t h e  h i g h  and 
low p o s i t i o n s .  E n e rg y  b a n d s  a p p r o p r i a t e  t o  th e  p h o t o p e a k  and 
a l s o  a w ide  band (W arner  and O l i v e r ,  I 9 6 6 ) were  c h o s e n .
I n  t h e  m e a su re m e n ts  w i t h  an  A l d e r s o n  REMAB phan tom ,  e a c h  
o r g a n  was f i l l e d  i n  t u r n  w i t h  a s o l u t i o n  o f  i o d i n e -13 1  a n d ,  
s u b s e q u e n t l y , w i t h  i r o n - 5 9 *  The r e m a i n i n g  o r g a n s  i n c l u d i n g  th e  
whole  body were  f i l l e d  w i t h  w a t e r .  Scans  were  t h e n  made, w i t h  
t h e  phantom i n  b o t h  th e  s u p i n e  and th e  p ro n e  p o s i t i o n ,  s t a r t i n g  
and e n d in g  a t  t h e  c r y s t a l  a x i s  and a t  46 cm from t h i s  a x i s .  A 
K in d ly  l o a n e d  by B e r k e l e y  R u c l e a r  L a b o r a t o r i e s ,  C e n t r a l  E l e c t r i c i t y  
G e n e r a t i n g  B o a rd ,  B e r k e l y ,  G l o u c e s t e r s h i r e .
b a c k g ro u n d  m easu rem en t  was made on t h e  phantom  b e f o r e  e a c h  o rg an  
was f i l l e d  and t h e  r e s u l t s  c o r r e c t e d  f o r  any  r e s i d u a l  r a d i o ­
a c t i v i t y .  The r e l a t i v e  am ounts  o f  r a d i o a c t i v e  s o l u t i o n  d i s p e n s e d  
i n t o  e a c h  o r g a n  v/as ch ec k ed  u s i n g  a sodium i o d i d e  w e l l  c r y s t a l .
An e x t e n s i v e  i n v e s t i g a t i o n  o f  t h e  r e d i s t r i b u t i o n  e f f e c t s  
* in  v ivo*  u s i n g  n i n e  d i f f e r e n t  r a d i o i s o t o p e s  h a s  b e e n  made. The 
p a t i e n t s  were  s c a n n e d  s e v e r a l  t im e s  up t o  8 h o u r s  p o s t ­
a d m i n i s t r a t i o n ,  The c h a n g e s  i n  th e  c o u n t i n g - r a t e  a f t e r  an  
o r a l  d o se  o f  i r o n - 5 9 , c o b a l t - 5 7 ,  c o b a l t - 5 8  and c a l c i u m - 4 7 ,  an 
i n t r a v e n o u s  d ose  o f  t e c h n io iu m - 9 9 m ,  c o b a l t - 5 7 ,  B i n o - 6 5 , 
p o t a s s i u m - 4 2 , p o t a s s i u m - 4 3  and sod ium -24  and an i n t r a m u s c u l a r  
d ose  o f  c o b a l t - 5 7  and c o b a l t - 5 8  have  b e e n  s t u d i e d ,
RESULTS ■
^By g r a p h i c a l  i n t e g r a t i o n  o f  th e  r e s u l t s  o b t a i n e d  w i t h  t h e  
so d ium -22  s o u r c e  p l a c e d  a l o n g  t h e  l o n g i t u d i n a l  a x i s ,  a s i m u l a t e d  
s c a n  due t o  t h e  s o u r c e  t r a v e l l i n g  from a g i v e n  p o i n t  to  t h e  
c r y s t a l  a x i s  i s  d e r i v e d .  I n t e r p r e t a t i o n  o f  , t h i s  a l l o w s  th e  
p r e d i c t i o n  o f  t h e  c o u n t i n g - r a t e  t h a t  would  be o b t a i n e d  i f  a l l  t h e  
a c t i v i t y  v;as l o c a l i s e d  i n  one o r g a n .  I t  was found  t h a t  i f  t h e  
t o t a l  a c t i v i t y  was i n  t h e  t h y r o i d  g l a n d  t h e  r e s u l t  d i f f e r e d  by 
l e s s  t h a n  1^ f rom  t h e  t o t a l  i n t e g r a t e d  w hole  body c o u n t .  I f ,  
h o w e v e r ,  a l l  t h e  a c t i v i t y  w ere  i n  a c e n t r a l  o r g a n ,  s u c h  a s  th e  
l i v e r  o r  s to m a c h ,  t h e  i n t e g r a t e d  c o u n t  i s  a b o u t  9^ h i g h e r  t h a n
8t h e  whole  body c o u n t .  By i n c r e a s i n g  t h e  l e n g t h  o f  t h e  s c a n  
th e  whole  body c o u n t  w i l l  be  i n c r e a s e d  and t h e  c e n t r a l  o rg a n  
c o u n t  w i l l  n o t  c h a n g e .  However o t h e r  f a c t o r s  a l s o  r e q u i r e  
c o n s i d e r a t i o n .
The i n v e s t i g a t i o n  o f  t h e  l a t e r a l  v a r i a t i o n  showed a 
r e d u c t i o n  i n  c o u n t i n g - r a t e  a t  7*6 era o f f  t h e  a x i s  o f  97^ ( c r y s t a l  
h i g h )  and 93^ ( c r y s t a l  low) o f  t h e  a x i a l  c o u n t i n g - r a t e .
R e c i p r o c a l  r e s u l t s  o f  t h e  d e p t h  v a r i a t i o n  e x p e r i m e n t  were  
summed t o  s i m u l a t e  s u p i n e  and p ro n e  p a t i e n t  m o n i t o r i n g .  The 
c o u n t i n g - r a t e  f rom s o u r c e s  n e a r  t h e  s u r f a c e  i s  a b o u t  1 . 2  t o  1 . 5  
t im e s  t h a t  a t  t h e  m i d - l i n e .
The A l d e r s o n  phantom r e s u l t s  a r e  sum m arised  i n  T a b le  1.
The r a t i o s  g i v e n  a r e  t h e  c o u n t i n g - r a t e s  p e r  u n i t  r a d i o a c t i v i t y  
n o r m a l i s e d  to  t h e  v a l u e  o b t a i n e d  when th e  r a d i o a c t i v e  s o l u t i o n  
was d i s t r i b u t e d  u n i f o r m l y  t h r o u g h o u t  t h e  w h o le  phantom . Maximum 
r a t i o s  o f  a b o u t  1 . 2 5  were  o b t a i n e d  f o r  t h e  t h y r o i d  and k i d n e y s ,  
b o t h  b e i n g  o r g a n s  c l o s e  t o  t h e  body s u r f a c e .  The r e s u l t s  were  
a l t e r e d  l i t t l e  by d i f f e r e n c e s  i n  t h e  d e t e c t o r  p o s i t i o n .  Ex­
t e n s i o n  o f  t h e  s c a n n i n g  l e n g t h  i n c r e a s e d  t h e  t h y r o i d  t o  t o t a l  
body r a t i o  f o r  b o t h  i s o t o p e s  and i n  p r a c t i c e  would i n c r e a s e  t h e  
r e d i s t r i b u t i o n  e f f e c t s .  The s t a n d a r d  d e v i a t i o n s  f o r  t h e  wide 
e n e r g y  band r a t i o s  w i t h  i r o n - 5 9  ^.re c o n s i s t e n t l y  l o w e r  t h a n  f o r  
t h e  n a r ro w  b a n d .  T h i s  e f f e c t  h a s  a l s o  b e e n  found  i n  c l i n i c a l  
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The * i n  v ivo*  r e s u l t s  f o l l o w i n g  t h e  o r a l  a d m i n i s t r a t i o n  
o f  r a d i o a c t i v e  i r o n  i n  5 p a t i e n t s  a r e  g i v e n  i n  T ab le  2 .  The
d e t e c t o r  was u s e d  i n  t h e  h i g h  and low p o s i t i o n s  and t h e  s c a n s
were  made b e g i n n i n g  and e n d i n g  a t  t h e  c r y s t a l  a x i s  and  a t  46 
cm from t h i s  a x i s .  The t o t a l  s t a n d a r d  d e v i a t i o n  f o r  t h e  
^  46 cm s c a n  i s  g r e a t e r  t h a n  t h e  c r y s t a l  a x i s  s c a n s  b e c a u s e  o f  
t h e  i n c r e a s e d  e r r o r  due t o  t h e  c o u n t i n g  s t a t i s t i c s .  The 
s t a n d a r d  d e v i a t i o n  i s  2 . 2^  f o r  t h e  e x t e n d e d  s c a n  when t h e  
c o u n t i n g  s t a t i s t i c s  a r e  o m i t t e d .  F o r  s u b j e c t s  A, B and G, t h e  
a v e r a g e  s t a n d a r d  d e v i a t i o n s  w ere  5 *6^  ( r a n g e  2 ,2  -  8 , l )  f o r  
s u p i n e  m e a su re m e n ts  o n l y  and 5 *9^  ( r a n g e  3*7 -  8 , 8 ) f o r  p ro ne
m ea su rem en ts  o n l y .  V i tam in  B^^ l a b e l l e d  w i t h  c o b a l t - 5 7  o r
c o b a l t - 5 8  was g i v e n  o r a l l y  and t h e  s u b j e c t s  m o n i t o r e d  f r e q u e n t l y  
on t h e  d ay  o f  a d m i n i s t r a t i o n .  The r e s u l t s  a r e  g i v e n  i n  T ab le  3,  
t h e  40 m in u te  c o u n t  b e i n g  t a k e n  a s  th e  100^ v a l u e .  The s t a n d a r d  
d e v i a t i o n s  a r e  s m a l l  and t h e  r e s u l t s  show t h a t  f o r  t h e  few 
p a t i e n t s  who c a n n o t  be  m o n i t o r e d  i n  th e  p r o n e  p o s i t i o n  ( l e s s  t h a n  
2^ )  t h e  s t a n d a r d  d e v i a t i o n s  a r e  -  6 , 8^  f o r  c o b a l t - 5 8  and ~ 5 , 3^  
f o r  o o b a l t - 57 # C a lc iu m -4 7  was a d m i n i s t e r e d  o r a l l y  t o  4 s u b j e c t s  
and t h e  i n i t i a l  v a r i a t i o n s  i n  t h e  c o u n t i n g - r a t e s  s t u d i e d .  The
r e s u l t s ,  g i v e n  i n  T a b le  4> show t h a t  t h e  c o u n t i n g - r a t e  a t  a b o u t
2 h o u r s  p o s t - a d m i n i s t r a t i o n  g e n e r a l l y  i n c r e a s e s  by a b o u t  10^ 
and f rom  2 h o u r s  onwards  i t  r e m a in s  r e m a r k a b l y  c o n s t a n t  up t o  7 
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VARIATION IN COUNTING-RATE FOLLOWING 





a s  ^  o f  0 . 7  h r  r e s u l t  
( 0 . 3 - 1 . 0  MeV)
^'^Co-VITAMIH B
a s  ^  o f  0 . 7  h r  r e s u l t  
( 0 . 035 - 0 .1 8 8  MeV)
0*1 9 6 . 2 1 0 3 .7
0 . 7 1 0 0 .0 1 0 0 .0
2 . 0 1 0 4 .7 1 0 5 .8
2 . 8 1 0 5 .8 1 0 5 .9
3 .4 1 0 2 .1 1 0 2 .9
4*1 1 0 0 .1 1 0 3 .3
4 . 7 9 8 . 3 9 8 .3
6* ± 3.45^ ^ ± 2 . l i
6  =  T o t a l  s t a n d a r d  d e v i a t i o n
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i n  t h i s  p e r i o d  a s  t h e  100^ v a l u e ,  th e  a b s o r p t i o n  up t o  11 days  
p o s t - a d m i n i s t r a t i o n  was c a l c u l a t e d .  I t  c a n  be  s e e n  f rom  T ab le  
5 t h a t  r e a s o n a b l e  a g re e m e n t  was o b t a i n e d  b e tw e e n  t h e s e  a b s o r p t i o n  
f i g u r e s  and t h o s e  c a l c u l a t e d  f rom  th e  a s s a y  o f  u r i n e  and f a e c e s ,
A s t u d y  o f  r e d i s t r i b u t i o n  e f f e c t s  f o l l o w i n g  i n t r a v e n o u s  
a d m i n i s t r a t i o n  h a s  b e e n  made w i t h  s i x  d i f f e r e n t  r a d i o i s o t o p e s .
The d e t e c t o r  t o  p a t i e n t  m i d - l i n e  d i s t a n c e  was 30 cm ( h i g h  p o s i t i o n )  
and t h e  s c a n s  b e g a n  and ended a t  t h e  c r y s t a l  a x i s .  The r e s u l t s  
o f  r e p e a t e d  whole  body  m e a su re m e n ts  a f t e r  an  i n t r a v e n o u s  d o se  o f  
t e c h n e t i u m - 9 9  ni and c o b a l t - 5 7  l a b e l l e d  v i t a m i n  a r e  g i v e n  i n  
T a b le  6 ,  The r e s u l t s  a r e  v e r y  s e l f - c o n s i s t a n t  a l t h o u g h  
maximum r e d i s t r i b u t i o n  would be  e x p e c te d  d u r i n g  t h e  m o n i t o r i n g  
p e r i o d s .  With  t e c h n e t i u m - 9 9  t h e  s u p i n e  r e s u l t s  a r e  a lw ays  
g r e a t e r  t h a n  t h e  p r o n e ,  p r e s u m a b ly  due t o  t h y r o i d a l  u p t a k e  o f  
t h e  i s o t o p e .  T h i s  d i f f e r e n c e ,  how ever ,  i s  n o t  l a r g e  enough t o  
c a u s e  a s i g n i f i c a n t  u n c e r t a i n t y .  S a t i s f a c t o r y  a g re e m e n t  was 
o b t a i n e d  be tw ee n  t h e  r e t e n t i o n  o f  v i t a m i n  B and o f  t e c h n e t i u m1 c
e s t i m a t e d  by whole  body m o n i t o r i n g  and by r a d i o a s s a y  o f  t h e  u r i n e  
c o l l e c t e d .  The r e s u l t s  o f  m ea su re m e n ts  i n  3 p a t i e n t s  f o l l o w i n g  
th e  a d m i n i s t r a t i o n  o f  z i n c - 6 5  &re g iv e n  i n  T a b le  7 ,  The 
v a r i a t i o n  i n  t h e  c o u n t i n g - r a t e  f o r  b o t h  t h e  wide  e n e r g y  band and 
th e  p h o t o p e a k  band  i s  v e r y  s m a l l  and d i d  n o t  e x ce ed  -  l , 2 ÿ .
The c h a n g e s  i n  t h e  c o u n t i n g - r a t e  f o l l o w i n g  an  i n t r a v e n o u s  dose  
o f  p o t a s s i u m - 4 2 , p o t a s s i u m - 4  3 &nd sod ium -24  &re sum m arised  i n
ABSORPTION OP ORALLY ADMINISTERED
CALClUM-47
TIME PATH3NT A PATIENT B PATI}]NT G PATIENT B
BAYS WBM U+P WBM U4P WBM U4F WBM U+P
0 1 0 0 .0 # 1 0 0 .0 # 1 0 0 ,0 # 1 0 0 .0 # 1 0 0 .0 # 1 0 0 .0 # 1 0 0 .0 # 1 0 0 .0 #
1 . 4 9 4 .2 9 5 .7 9 6 .8 9 6 . 8 9 1 .6 9 3 .5 9 6 . 8 9 9 .9
2 . 4 8 8 .1 9 0 . 3 66.  3 6 8 .1 8 6 .6 8 8 .3 9 5 . 2 9 9 . 0
3 .4 7 5 .3 8 0 . 3 4 7 . 2 5 1 .5 8 4 . 3 8 4 .9 8 7 . 3 9 1 .7
4 . 4 6 9 .4 7 6 . 5 3 9 .0 4 3 .6 5 7 .7 6 3 .8 8 6 .9 9 1 .76 . 5 — 3 4 .4 4 0 . 2 — — - -
8 . 4 6 1 . 0 7 1 . 0 3 1 .5 3 8 .4 4 5 . 0 5 5 .1 7 8 .7 8 5 .2
9 . 4 5 9 .2 7 0 . 2 3 0 .0 3 7 .8 4 2 . 2 5 4 .8 7 6 .3 8 4 . 8
1 0 .4 5 8 .2 6 9 . 2 2 9 .4 3 7 .4 4 1 . 9 5 4 .4 7 5 .4 8 3 .6 .
1 1 ,4 5 7 .2 68*4 2 8 .9 3 6 .9 4 0 . 8 5 3 .9 7 4 .6 8 3 .6
D+P = ^  ABSORPTION BASED ON ASSAY OF URINE AND FAECES
TABLE 6
RESULTS OF REPEATED WHOLE BODY 
MEASUREMENTS FOLLOWING INTRAVENOUS ADMINISTRATION 





0 . 0 3 - 0 . 1 7  MeV
COBALT-57 
0 . 0 3 5 - 0 . 1 8 6  MeV
0 - 2  HOURS 1 0 0 .0 ^ 1 0 0 . 0 ^
1 0 0 .5 ^ 9 1 .  l i
U — ^ 0 .  4^ 6 ^ 1  1 » 6^
URINE PASSED
2 -4  HOURS 3 2 . l i 82.95^
91.45^ 8 2 . 1 ^
6" — 1 0 . 9 ^ 8 2 . 4 ^
U — 0 . 6 ^
URINE PASSED
4 -6  HOURS 1 9 . I f 8 1 . 4 ^
7 8 . 5 ^ 7 9 .5 #
S  = i o . 4 ^ 8 1 .0 #
6 = 1  1 . 4 #
S  ~ T o t a l  s t a n d a r d  d e v i a t i o n .
TABLE 7
SERIAL WHOLE BODY COUNTING-RATES AS PERCENTAGE 
OF INITIAL RESULT FOLLOWING INTRAVENOUS ZINC-65
TIME PATIENT A PATIENT B PATIENT C
( h o u r s ) W N W N W N
3 . 5 1 0 0 .0 # 1 0 0 .0 # 1 0 0 .0 # 1 0 0 .0 # 1 0 0 .0 # 1 0 0 .0 #
5 .5 1 0 0 .8 1 0 1 .8 1 0 1 .2 1 0 1 .8 9 9 . 0 1 0 0 .1
8 . 5 9 9 . 3 9 9 .5 100 .6 1 0 0 .6 1 0 0 .1 1 0 0 .0
6' - ± 0 . 8 # 1 . 2 # ^  0 . 6 # i  0 . 9 # i  0 . 6 # i  0 . 1 #
W = Wide band  ( 0 . 4 4 - 1 . 2 8  MeV)
N -  Narrow band  ( 0 * 9 1 - 1 . 2 8  MeV) 
d' -  T o t a l  s t a n d a r d  d e v i a t i o n
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T a b le  8 ,  B ecau se  o f  t h e  n a t u r e  o f  t h e  c l i n i c a l  s t u d y  f o r  w h ich  
t h e  i s o t o p e s  were  a d m i n i s t e r e d ,  i t  was o n l y  p o s s i b l e  t o  m o n i t o r  
t h e  p a t i e n t s  f o r  a maximum o f  3 h o u r s  p o s t - i n j e c t i o n .  No 
e x c e s s i v e l y  l a r g e  r e d i s t r i b u t i o n  e f f e c t s  w ere  o b s e r v e d  i n  t h i s  
p e r i o d .  *
V i ta m in  l a b e l l e d  w i t h  c o b a l t - 5 7  o r  w i t h  c o b a l t - 5 8  was 
g i v e n  i n t r a m u s c u l a r l y  and t h e  s u b j e c t s  m o n i t o r e d  f r e q u e n t l y  on 
th e  day  o f  a d m i n i s t r a t i o n .  The r e s u l t s  a r e  g i v e n  i n  T a b le  9#
The s t a n d a r d  d e v i a t i o n s  a r e  s m a l l  and a g a i n  t h e  r e t e n t i o n  
c a l c u l a t e d  from t h e  whole  body  m easu rem en ts  and from r a d i o a s s a y  
o f  t h e  u r i n e  gave  good a g r e e m e n t .
The maximum s p r e a d  i n  c o u n t i n g - r a t e s  e x p r e s s e d  a s  a r a t i o  
was c a l c u l a t e d  f o r  e ac h  p a t i e n t  and s e p a r a t e  i s o t o p e .  F o l l o w i n g  
i n t r a v e n o u s  a d m i n i s t r a t i o n  t h e  mean r a t i o s  r a n g e d  from  1 .0 1  to  
1 . 0 3 .  The mean r a t i o s  f o r  i n t r a m u s c u l a r  c o b a l t - 5 7  c o b a l t - 5 8  
were  I . 0 5  and 1 .0 7  r e s p e c t i v e l y .  O r a l l y  a d m i n i s t e r e d  i s o t o p e s  
gave  t h e  h i g h e s t  r a t i o s ,  t h e  mean v a l u e s  r a n g i n g  from 1 ,0 7  f o r  
i r o n - 5 9  t o  1 ,1 0  f o r  c o b a l t - 5 8 . The r e s u l t  f o r  i r o n - 5 9  was 
c a l c u l a t e d  u s i n g  t h e  wide e n e r g y  band d a t a  f rom  t h e  m i d - l i n e  s c a n  
w i t h  t h e  d e t e c t o r  i n  t h e  h i g h  p o s i t i o n .  The A l d e r s o n  phantom 
r e s u l t s  i n d i c a t e d  t h e s e  t o  be  t h e  optimum m o n i t o r i n g  c o n d i t i o n s  
f o r  i r o n - 5 9  when r e d i s t r i b u t i o n  o f  th e  i s o t o p e  i s  e x p e c t e d  and 
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CHABGKS IB THE COUNTING-RATE ON THE DAY OF 
INTRAMUSCULAR INJECTION Off COBALT-57 HYBROXOCOBALAiaN 




( 0 . 035 - 0 .1 8 8  MeV)
58^ C0-CNB12 
( 0 . 3- 1 . 0  MeV)
0 1 0 0 .0 # 1 0 0 .0 #
0 . 7 5 1 0 0 .2 9 9 .7
1 . 5 9 9 . 8 1 0 1 .1
2 . 0 1 0 4 .6 1 0 4 .5
6" — i  2 .3 # ±  2 . 2 #
URINE PAS!3ED
■ 3 .5 6 6 . 4^ 4 2 . 4#
5 .0 6 8 .1 4 5 . 5
5 .7 5 6 9 . 5 4 4 .8  .
6 . 7 5 6 7 .9 4 6 .2
tf- = 1 1 . 3# *  1 . 7 #
MID-LINE SCAN, DETECTOR HIGH 
6  -  T o t a l  s t a n d a r d  d e v i a t i o n
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DISCUSSION
M easurem en ts  made w i t h  p o i n t  s o u r c e s  showed t h a t  c h an g e s  i n  
t h e  d e p t h  o f  an  i s o t o p e  w i t h i n  t h e  body a r e  t h e  p r i n c i p l e  s o u r c e  
o f  c o u n t i n g - r a t e  v a r i a t i o n s .  The s t u d y  o f  l o n g i t u d i n a l  v a r i a t i o n  
w i t h  a p o i n t  s o u r c e  a t  t h e  p a t i e n t  m i d - l i n e  showed t h a t  e x t e n d i n g  
t h e  l e n g t h  o f  t h e  s c a n  beyond t h e  e x t r e m i t i e s  o f  t h e  s u b j e c t  
would make an i n s i g n i f i c a n t  improvement  i n  t h e  c o u n t i n g - r a t e  
v a r i a t i o n s .  B e c a u se  d e p t h  v a r i a t i o n  i s  so  much more s i g n i f i c a n t  , 
an  e x t e n d e d  s c a n  i n  t h e  c a s e  o f  a s u p e r f i c i a l  o r g a n  s u c h  a s  t h e  
t h y r o i d  would t e n d  t o  i n c r e a s e  r a t h e r  t h a n  r e d u c e  t h e  v a r i a t i o n s .  
The d e p t h  v a r i a t i o n  s u g g e s t  t h a t  f o r  s m a l l  s u r f a c e  o r g a n s  su ch  
a s  t h e  t h y r i o d  and k i d n e y s ,  t h e  o rg a n  to  t o t a l  body r a t i o  s h o u l d  
n o t  e x c e e d  1 , 3  i f  a l l  t h e  i s o t o p e  were e i t h e r  i n  t h e  o r g a n  o r  i n  
t h e  t o t a l  body .  T h is  r a t i o  would  be l e s s  f o r  t h e  b l a d d e r  w hich  
i s  a l s o  a  s u r f a c e  o r g a n  b u t  o f  g r e a t e r  d e p t h .
The p r e d i c t i o n s  from t h e  p o i n t  s o u r c e  e x p e r i m e n t s  were  
c o n f i r m e d  by t h e  r e s u l t s  w i t h  t h e  A l d e r s o n  phantom . S u r f a c e  
o r g a n s  gave  h i g h e r  o r g a n  to  t o t a l  body r a t i o s ,  t h e  maximum r a t i o  
b e i n g  1 ,2 6  f o r  an  e x t e n d e d  s c a n  o f  t h e  phantom w i t h  t h e  d e t e c t o r  
i n  t h e  low p o s i t i o n  and i o d i n e - 1 3 1  i n  t h e  t h y r o i d  g l a n d .  The 
e x t e n d e d  s c a n s  a lw a y s  r e s u l t e d  i n  g r e a t e r  t h y r o i d  to  t o t a l  body 
r a t i o s  t h a n  t h e  m i d - l i n e  s c e n s .  The s t a n d a r d  d e v i a t i o n s  f o r  t h e  
o r g a n  t o  t o t a l  body  r a t i o s  w i t h  i r o n - 5 9 ,  c a l c u l a t e d  u s i n g  t h e  w ide  
e n e r g y  b a n d ,w e r e  s m a l l e r  t h a n  t h o s e  u s i n g  t h e  p h o to p e a k  b a n d .
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U s in g  t h e  t h y r o i d ,  b l a d d e r ,  l i v e r  and t o t a l  body o f  th e  
A l d e r s o n  phantom , N a v e r s t e n  ( 1 9 6 4 ) found  s i m i l a r  v a r i a t i o n s  
( 1 .0 0  -  1 , 2 1 ) f o r  i o d i n e - 1 3 1  i n  a t w o - c r y s t a l  s c a n n i n g  bed  
g e o m e t r y  where  t h e  d e t e c t o r  f a c e s  were  70 cm a p a r t ,  D ud ley  
and Ben Haim ( 1 9 6 8 ) u s i n g  a  c r y s t a l  g e o m e t ry  s i m i l a r  t o  t h a t  
o f  MERLIN, e x c e p t  t h e  d e t e c t o r  moves r e l a t i v e  to  t h e  p a t i e n t ,  
s t u d i e d  t h e  r e d i s t r i b u t i o n  e f f e c t s  w i t h  a p o l y t h e n e  phantom o f  
c y l i n d e r s  f i l l e d  w i t h  i o d i n e - 1 3 1 *  V a r i a t i o n s  o f  1 , 0 0 - 1 , 1 4  
were  r e p o r t e d  by t h e  a u t h o r s ,  t h e s e  p r o b a b l y  b e i n g  l e s s  t h a n  
t h o s e  by N a v e r s t e n  and  o u r s e l v e s  s i n c e  t h e  c y l i n d e r s  o f  t h e  
phantom d i d  n o t  have  s i m u la t e d ,  o r g a n s  o f  v a r y i n g  d e p t h .
The r e s u l t s  f rom b o t h  t h e  p o i n t  s o u r c e  and th e  A l d e r s o n  
phantom s t u d y  g i v e  a p e s s i m i s t i c  e s t i m a t e  o f  t h e  r e d i s t r i b u t i o n  
e r r o r s .  I n  p r a c t i c e ,  a n  i s o t o p e  i s  r a r e l y  t r a n s f e r r e d  c o m p l e t e l y  
from th e  t o t a l  body  t o  one s i n g l e  o rg a n  o r  v i c e  v e r s a .  The 
l i m i t a t i o n s  i n  t h e  i n t e r p r e t i n g  o f  t h e s e  r e s u l t s  a r e  t h e  
a s s u m p t i o n s  r e q u i r e d  t o  make t h e  most  r e a l i s t i c  e s t i m a t e  o f  th e  
v a r i a t i o n s  i n  c o u n t i n g - r a t e s  t h a t  would be  o b t a i n e d  i n  p r a c t i c e .
The * i n  v i v o ’ s t u d y  a p p e a r s  t o  be among t h e  m ost  e x t e n s i v e  
r e p o r t e d  w i t h  r e s p e c t  t o  t h e  r a n g e  o f  i s o t o p e s  a n d ,  w i t h  l a b e l l e d  
v i t a m i n  , t h e  r o u t e s  o f  a d m i n i s t r a t i o n . .  The r e s u l t s  a r e  i n  
r e a s o n a b l e  a g re e m e n t  w i t h  t h e  c o n c l u s i o n s  f rom b o t h  t h e  p o i n t  
s o u r c e  and t h e  phantom s t u d i e s ,  a l t h o u g h ,  a s  s u g g e s t e d ,  t h e  
r e d i s t r i b u t i o n  e r r o r s  i n  p r a c t i c e  may be lo w e r  t h a n  t h o s e
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p r e d i c t e d *  O r a l  a d m i n i s t r a t i o n  o f  th e  r a d i o i s o t o p e s  s t u d i e d  
r e s u l t e d  i n  t h e  l a r g e s t  r e d i s t r i b u t i o n  e r r o r s  and t h e  s p r e a d  i n  
th e  r e s u l t s  gave  t h e  h i g h e s t  maximum r a t i o s .  The t r a n s f e r  o f  
l a b e l l e d  v i t a m i n  from t h e  s tom ach  to  t h e  l i v e r  would  be
e x p e c t e d  t o  p r o d u c e  l a r g e r  v a r i a t i o n s  t h a n  a f t e r  i n t r a v e n o u s  
a d m i n i s t r a t i o n  where  v e r y  r a p i d  c l e a r a n c e  t o  t h e  l i v e r  o c c u r s  
w i t h  a  h a l f  l i f e  o f  a few m i n u t e s .  The r a t i o s  a f t e r  i n t r a ­
m u s c u l a r  a d m i n i s t r a t i o n  o f  l a b e l l e d  v i t a m i n  v/ere lo w e r  t h a n  
t h o s e  f o r  o r a l l y  a d m i n i s t e r e d  i s o t o p e s  b u t  h i g h e r  t h a n  t h o s e  
a f t e r  i n t r a v e n o u s  a d m i n i s t r a t i o n .  T h is  p re s u m a b ly  r e s u l t s  
from t h e  i n i t i a l  r a p i d  c l e a r a n c e  t o  t h e  l i v e r  o f  some o f  t h e  
i s o t o p e  from t h e  s i t e  o f  i n j e c t i o n  and t h e  r e m a i n d e r  b e i n g  a 
more d i s p e r s e d  s o u r c e  a t  a d e p t h  o f  s e v e r a l  i n c h e s  be lo w  th e  
body s u r f a c e *  An e x t e n d e d  s c a n  w i t h  i r o n - 5 9  d i d  n o t  s i g n i f i c a n t l y  
r e d u c e  t h e  v a r i a t i o n  i n  c o u n t i n g - r a t e  due t o  i s o t o p e  r e d i s t r i b u t i o n  
and t h e  t o t a l  s t a n d a r d  d e v i a t i o n  was h i g h e r  t h a n  f o r  t h e  m i d - l i n e  
s c a n s .  Even f o r  c a s e s  where  an  e x te n d e d  s c a n  would improve  
t h e  r e p r o d u c i b i l i t y  i t  i s  d o u b t f u l  w h e th e r  t h i s  j u s t i f i e s  th e  
r e s u l t i n g  d e c r e a s e  i n  s e n s i t i v i t y  and an i n c r e a s e  i n  m o n i t o r i n g  
t i m e .  With  no i s o t o p e  were  t h e  r e d i s t r i b u t i o n  e f f e c t s  p r o ­
h i b i t i v e l y  l a r g e  u s i n g  o n l y  t h e  s u p in e  o r  t h e  p ro n e  s c a n n i n g  
p o s i t i o n ,  t h e  r e s u l t s  g e n e r a l l y  b e i n g  c l i n i c a l l y  a c c e p t a b l e .
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SUMMARY
S e v e r a l  m e th od s  o f  a s s e s s i n g  th e  m a g n i tu d e  o f  g e o m e t r i c a l  
v a r i a t i o n s  i n  c o u n t i n g - r a t e s  have  b e en  b r o u g h t  t o g e t h e r  i n  t h i s  
s t u d y .  P o i n t  s o u r c e s  i n  s i m p le  w a t e r  p h a n to m s ,  a l i f e - l i k e  
phantom c o n t a i n i n g  s i m u l a t e d  o r g a n s  and h u m a n ' s u b j e c t s  were  
s t u d i e d  and t h e  r e l a t i v e  i m p o r t a n c e  o f  t h e  s o u r c e s  o f  v a r i a t i o n  
and t h e  v a l u e  o f  t h e  m ethods  a s s e s s e d .  The r e s u l t s  f rom  a l l  
m ethods  were  i n  r e a s o n a b l e  a g re e m e n t  and showed t h a t  r e a l i s t i c  
e s t i m a t e s  o f  t h e  v a r i a t i o n  i n  t h e  c o u n t i n g - r a t e  can  be o b t a i n e d  
by ’ i n  v i t r o *  s t u d i e s .
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CHAPTER III
EFFECT OF RENAL AND HEPATIC DISEASE
ON VITAMIN -  B METABOLISM
INTRODUCTION
Adams and Boddy ( I 9 6 8 ) showed t h a t  by 5 to  10 d a y s  a f t e r  
an i n t r a v e n o u s l y  a d m i n i s t e r e d  t r a c e r  d o se  o f  0 * 1 yug o f  c y a n o -  
c o b a l a m i n ,  t h e  r a t e  o f  l o s s  f rom  th e  body c o u ld  be  a d e q u a t e l y  
d e s c r i b e d  by a s i n g l e  e x p o n e n t i a l  t e rm .  T h i s  and o t h e r  
e v i d e n c e  s u g g e s t  t h a t  s u b s e q u e n t  t o  a b o u t  a week a f t e r  i n j e c t i o n  
t h e  c o b a la m in  had  e f f e c t i v e l y  e q u i l i b r a t e d  w i t h  body s t o r e s  ( v / i l l  
e t  a l , ,  1 96 9 ) ,  The s i g n i f i c a n c e  o f  t h i s  f i n d i n g  r e l a t e s  t o  a 
method f o r  m e a s u r i n g  t h e  e f f e c t  o f  f a c t o r s  such  a s  d i s e a s e ,  d r u g s  
o r  n u t r i e n t s  on c o b a la m in  m e t a b o l i s m ,  on a r e l a t i v e l y  s h o r t - t e r m  
b a s i s .  T h is  had n o t  p r e v i o u s l y  been  r e g a r d e d  a s  a p r a c t i c a l  
p r o p o s i t i o n .  The a u t h o r s  recommend m e a s u r i n g  t h e  w h o le -b o d y  
r e t e n t i o n  from 7 d a y s  u n t i l  30 d a y s  a f t e r  i n j e c t i o n  i f  a s t a n d a r d  
e r r o r  o f  a b o u t  20 t o  30^j i s  a c c e p t a b l e  o r  u n t i l  a p p r o x i m a t e l y  
60 d a y s  i f  a s t a n d a r d  e r r o r  o f ^ a b o u t  10^ i s  r e q u i r e d .
U s ing  t h i s  p r o c e d u r e ,  t h e  c o b a la m in  l o s s  h a s  b e e n  i n v e s t i g a t e d  
i n  p a t i e n t s  w i t h  r e n a l  d i s e a s e  and h e p a t i c  d i s e a s e .  S in c e  m ost  
o f  t h e  v i t a m i n  B^^ 1*^  t h e  body i s  s t o r e d  i n  t h e  l i v e r  and i s  
e x c r e t e d  v i a  t h e  u r i n e  and b i l e ,  d i s e a s e s  o f  t h e  l i v e r  and k i d n e y s  
m ig h t  t h e r e f o r e  be  e x p e c t e d  t o  a f f e c t  t h e  c o b a la m in  m e t a b o l i s m .
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PATIENTS AND METHODS
M easu rem en ts  have  b e e n  made on 8 p a t i e n t s  w i t h  r e n a l  
d i s e a s e  and 6 p a t i e n t s  w i t h  h e p a t i c  d i s e a s e .  The b i o c h e m i c a l  
and c l i n i c a l  d a t a  f o r  p a t i e n t s  w i t h  r e n a l  d i s e a s e  a r e  g i v e n  i n  
T a b le  1 and f o r  p a t i e n t s  w i t h  h e p a t i c  d i s e a s e  i n  T a b le  2.
C ase s  1 t o  6 came u n d e r  o b s e r v a t i o n  w i t h  symptoms a t t r i b u t a b l e  
t o  h y p e r t e n s i o n  and c a s e  7 p r e s e n t e d  i n  u r a e m ic  coma, b e i n g  l a t e r  
d i a g n o s e d  a s  h a v i n g  r e n a l  t u b u l a r  a c i d o s i s  due t o  c h r o n i c  
p y e l o n e p h r i t i s .  Case 8 p r e s e n t e d  w i t h  s i g n s  and symptoms o f  
d i a b e t e s  and d i a b e t i c  n e p h r o p a t h y  was d i a g n o s e d  a f t e r  a r e n a l  
b i o p s y .  P a t i e n t  4? who was a d d i c t e d  t o  p h e n a c e t i n ,  had u n d e r ­
gone r i g h t  n e p h re c to m y  f o r  h y d r o n e p h r o s i s  and r e n a l  a b s c e s s e s  5 
y e a r s  p r e v i o u s l y .  A x*enal b i o p s y  on c a s e  5 showed c h r o n i c  
g l o m e r u l o n e p h r i t i s  and i n  c a s e  3 t h e r e  was e v id e n c e  o f  c h r o n i c  
p y e l o n e p h r i t i s .  The p a t i e n t s  w i t h  l i v e r  d i s e a s e  had p r e s e n t e d  
i n  a  v a r i e t y  o f  ways and p r i m a r y  b i l i a r y  c i r r o h o s i s  was d i a g n o s e d  
i n  c a s e s  9 to  13 on t h e  b a s i s  o f  th e  c l i n i c a l  p i c t u r e ,  b i o c h e m i c a l  
d a t a ,  m ic ro sc o p y  o f  t h e  l i v e r  t i s s u e  o b t a i n e d  by p e r c u t a n e o u s  
b i o p s y  o r  a t  l a p a r o t o m y ,  and a p o s i t i v e  m i t ^ o o h o n d r i a 1 - a n t i b o d y  
t e s t .  Case 14 p r e s e n t e d  w i t h  p o r t a l  h y p e r t e n s i o n  and w*as d i a g n o s e d  
a s  h a v i n g  n o d u l a r  c i r r h o s i s .  Case 9 had p r e v i o u s l y  u n d e rg o n e  
c h o l e c y s t e c t o m y  and c a s e  10 had  r a d i o l o g i c a l  p u lm o n a ry  f i b r o s i s  
and had  r e c u r r e n t  u n i n a r y - t r a c t  i n f e c t i o n s .  S ix  y e a r s  p r e v i o u s l y ,  
c a s e  14 had an  em ergency  p o r t o - c a v a l  s h u n t  p e r f o r m e d  f o r  b l e e d i n g
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o e s o p h a g e a l  v a r i o l e s *
B a s e l i n e  h i o c h e m i o a l  and h a e m a t o l o g i c a l  i n v e s t i g a t i o n s  were  
c a r r i e d  o u t  on a l l  t h e  p a t i e n t s  b e f o r e  t h e  i n t r a v e n o u s  
a d m i n i s t r a t i o n  o f  0*1 p.g  o f  o y a n o o o b a lam in  i n  3*0 ml o f  w a t e r .
I n  c a s e s  1 to  4 i  7 ^rid 9 t o  13 t h e  v i t a m i n  B^^ v/as l a b e l l e d  w i t n  
0 . 5  yuCi o f  c o b a l t - 5 8  and i n  t h e  r e m a in d e r  w i t h  1 . 0  yuCi o f  c o b a l t - 5 7  
The i n i t i a l  whole  body m easu rem en t  was made s h o r t l y  a f t e r  
a d m i n i s t r a t i o n  and was t a k e n  a s  th e  100^ v a l u e .  The p a t i e n t s  
w ere  m o n i t o r e d  a g a i n  one week l a t e r  and s u b q u e n t l y  a t  r e g u l a r  
i n t e r v a l s  u n t i l  a d e q u a t e  d a t a  had b een  o b t a i n e d .  The e x c r e t i o n  
r a t e s  f rom day 7 onwards  were c a l c u l a t e d  by t h e  method o f  l e a s t  
s q u a r e s .  A d i r e c t  l i n k  t o  t h e  *tINIVAG I I O 8 ’ c o m p u te r  o f  th e  
N a t i o n a l  E n g i n e e r i n g  L a b o r a t o r i e s  i s  i n s t a l l e d  a t  t h e  C e n t r e  and 
was u s e d  t o  a i d  t h e  c o m p u t a t i o n s .
RESULTS
The e x p e r i m e n t a l  d a t a  and t h e  c a l c u l a t e d  e x c r e t i o n - r a t e s  w i t h  
t h e i r  s t a n d a r d  d e v i a t i o n s  f o r  e a c h  p a t i e n t  a r e  p r e s e n t e d  i n  
T a b le  3.
DISCUSSION
The l o n g - t e r m  e x c r e t i o i i - r a t e  o f  o y a n o c o b a la m i n , h y d r o x o -  
c o b a l a n i in  o r  ooenzyme B^^ p a t i e n t s  w i t h  v i t a m i n  d e f i c i e n c y
i s  0 . 1  -  0 . 2ÿ p e r  day  (Boddy and Adams, I 9 6 8 ) .  Normal s u b j e c t s
TABLE 3
EXCRETION-BATES OF 0 . 1  ug  VITAMIN IM 
PATIENTS WITH RENAL AND HEPATIC DISEASE








1 98 9 0 .1 7 5 ± 0 .0 2 0
2 63 5 0 . 2 6 7 + + 0 .0 3 9
3 67 11 0 .1 7 8 ± 0 .0 4 2
4 74 8 0 . 5 1 0  + ± 0 .0 3 8
5 50 6 0 .3 5 6  + ± 0 .1 2 0
6 80 8 0 . 2 7 6 + ± 0 .0 3 7
7 99 9 0 . 3 2 8  + ± 0 .0 2 8
8 93 10 0 . 3 3 3 + i  0 .0 3 5
HEPATIC I)ISEASE
9 66 8 0 .1 2 6 ± 0 .0 3 7
10 39 5 0 . 2 9 1 + ± 0 .0 8 5
11 36 4 0 . 381+ ± 0 .0 7 9
12 39 5 0 . 302+ ± 0 .0 4 5
13 36 4 O . I 85 ± 0 .0 1 8
14 98 5 0 .1 5 8 ± 0 .0 8 2
+ ABNORMALLY HIGH VALUES.
19
g i v e n  p . 1 jug o f  c y a n o o o b a la m in  had  a l o s s - r a t e  o f  0 . I 5 -  0 .2 0 ÿ  
p e r  day  (Adams and Boddy, I 9 6 8 ) .  Thus s i x  o u t  o f  t h e  e i g h t  
p a t i e n t s  s t u d i e d  w i t h  r e n a l  d i s e a s e  and t h r e e  o u t  o f  t h e  s i x  w i t h  
h e p a t i c  d i s e a s e  had  an a b n o r m a l l y  h i g h  e x o r e t i o n - r a t e .  A l th o u g h  
t h e s e  d a t a  do n o t  p r o v e  t h a t  t h e  d i s e a s e s  a r e  t h e  c a u s e  o f  th e  
a b n o rm a l  l o s s  o f  c o b a l a m i n ,  i t  i s  a t  l e a s t  s u g g e s t i v e  e v i d e n c e  
t h a t  t h i s  i s  t h e  c a s e .  I t  i s  u n l i k e l y  t h a t  t h i s  would  be c a u s e d  
by d r u g  t h e r a p y ,  a l t h o u g h  t h e  p o s s i b i l i t y  c a n  o n ly  be d e f i n i t e l y  
e x o l u s e d  i n  c a s e  2 ,  I f  t h e  d i s e a s e s  a r e  t h e  c a u s e  o f  t h e  h i g h  
e x o r e t i o n - r a t e s , i t  i s  n o t  c l e a r  why i n  some o a s e s  t h e  d a i l y  l o s s  
was n o rm a l  when c l i n i c a l l y  and b i o c h e m i c a l l y  t h e  d i s e a s e  p r o c e s s  
was more s e v e r e  t h a n  i n  p a t i e n t s  w i t h  an  a b n o rm a l  l o s s .
The human r e q u i r e m e n t  f o r  c o b a l a m in  c a n  be r e g a r d e d  a s  t h e  
amount which  m us t  be a b s o r b e d  i n  o r d e r  t o  m a i n t a i n  body s t o r e s .  
W ith  a l o s s  o f  0 . 1  — 0 . 2 ^  p e r  d a y ,  th e  amount r e q u i r e d  t o  m a i n t a i n  
b a l a n c e  w i l l  be 0 , 1  t o  0.2% o f  body s t o r e s  p e r  d a y .  I f  t h e  
t o t a l  body s t o r e s  a r e  b e tw ee n  1000 and îjOOO ^ g ,  t h e n  t h e  need  
w i l l  r a n g e  from 1 t o  10 yUg d a i l y .  T h is  i s  i n  a g re e m e n t  w i t h  an 
e s t i m a t e d  d i e t a r y  i n t a k e  o f  v i t a m i n  o f  b e tw e e n  2 and 9 p s  p e r  
d a y  by H e y s s e l  e t  a l ,  ( 1 9 6 6 ) .  When t h e  l o s s  r i s e s  to  0*51% p e r  
d a y ,  a s  i n  c a s e  4 , t h e  d a i l y  r e q u i r e m e n t  f o r  m a i n t e n a n c e  o f  s t o r e s  
w i l l  r a n g e  from 5*1 t o  25*5 p s *  The i m p l i c a t i o n  o f  su c h  a v a l u e  
i n  r e l a t i o n  t o  t h e  c o b a l a m in  n u t r i t i o n  o f  p a t i e n t s  w i t h  r e n a l  and 
h e p a t i c  d i s e a s e  i s  o b v io u s  and r e q u i r e s  f u r t h e r  i n v e s t i g a t i o n .
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SUMMARY
Cobalam in  e x c r e t i o n - r a t e s  were  s t u d i e d  i n  p a t i e n t s  w i t h  
r e n a l  and h e p a t i c  d i s e a s e .  The d a i l y  l o s s  was a b n o r m a l l y  h i g h  
i n  s i x  o u t  o f  e i g h t  p a t i e n t s  w i t h  r e n a l  d i s e a s e  and t h r e e  o u t  o f  
s i x  w i t h  h e p a t i c  d i s e a s e .  The c a u se  o f  t h i s  a b n o r m a l i t y  was 
n o t  i d e n t i f i e d .  The r e s u l t s  im p ly  t h a t  some p a t i e n t s  w i t h  r e n a l  
and h e p a t i c  d i s e a s e  have  a g r e a t e r  r e q u i r e m e n t  f o r  c o b a la m in  t h a n  
b o t h  n o rm a ls  and p a t i e n t s  w i t h  v i t a m i n  d e f i c i e n c y  i f  b a l a n c e  
i s  t o  be m a i n t a i n e d .
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CHAPTER I V
RETENTION OP CYANOCOBALAIaAMIN, HYDROXOCOBAIAMIN
AND COENZYME B , _ AFTER PARENTERAL ADMINISTRATION   ^        —
IN EVALUATING THE TREATMENT OF VITAMIN B^ _ DEFICIENCY 
INTRODUCTION
A f r e q u e n t  method f o r  p r e d i c t i n g  th e  r e s u l t s  o f  v i t a m i n  
t h e r a p y  i n  p a t i e n t s  w i t h  p e r n i c i o u s  anaem ia  i s  hy m o n i t o r i n g  th e  
u r i n e  p a s s e d  f o r  a b o u t  3 d a y s  p o s t - i n j e c t i o n .  S t u d i e s  on p a t i e n t s  
w i t h  v i t a m i n  B^^ d e f i c i e n c y  t r e a t e d  w i t h  s i n g l e  5000  ;ag d o s e s  o f  
c o b a l a m i n s  (Boddy and Adams, I 9 6 8 ) showed t h a t  by u s i n g  t h i s  
method t h e  l o s s  would  be u n d e r e s t i m a t e d ,  s i n c e  b e tw ee n  day  3 and 
t h e  p o i n t  a t  w h ic h  a s t e a d y - s t a t e  i s  a t t a i n e d  ( a f t e r  a month o r  
more p o s t - i n j e c t i o n )  c o n s i d e r a b l e  B^^ 3 o ss  o c c u r s  i n  t h e  u r i n e  
and f a e c e s .  I n  t e r m s  o f  d a i l y  l o s s  i t  i s  s m a l l  and u n l i k e l y  to  
be  d e t e c t a b l e  by  t h e  m o n i t o r i n g  o f  d a i l y  e x c r e t a  c o l l e c t i o n s ,  
b u t  i s  a p p a r e n t  on whole  body  m e a s u r e m e n ts .  T h is  p e r i o d  o f  
r e l a t i v e l y  r a p i d  l o s s  has  n o t  p r e v i o u s l y  b e e n  s t u d i e d  w i t h  r e g a r d  
to  i t s  t h e r a p e u t i c  i m p l i c a t i o n s .  F o r  t h i s  r e a s o n  i t  was d e c i d e d  
t o  i n v e s t i g a t e  t h e  r e t e n t i o n  o f  c y a n o c o b a la m in ,  h y d r o x o c o b a la m in  
and coenzyme B^^ a f t e r  p a r e n t e r a l  a d m i n i s t r a t i o n  and to  d e t e r m i n e  
t r e a t m e n t  s c h e d u l e s  f o r  p a t i e n t s  w i t h  v i t a m i n  d e f i c i e n c y .
' I n  v i v o * ,  b o t h  o y a n o o o b a la m in  and h y d r o x o c o b a la m in  a r e
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b e l i e v e d  to  be  c o n v e r t e d  t o  coenzyme ( qC- ( 5  * & -
d i m e t h y l b e n z i m i n a z o l y l j  5 ’ -  d e o x y a d e n o s y l  cobamide  ) (Rosenblum  
e t  a l ,  i 9 6 0 , P a w e l k ie w i c z  e t  a l ,  I 9 6 4 , U cb in o  e t  a l .  I 965  )*
I n  a p r e v i o u s  s t u d y  (Boddy and A d am s , I9 6 8 ) t h e  r e s u l t s  f rom one 
p a t i e n t  s u g g e s t e d  t h a t  f o r  t h e  month a f t e r  i n j e c t i o n  o f  c o e n -  
zyme tb e  p a t t e r n  o f  l o s s  d i f f e r e d  from t h a t  o f  c y a n o c o b a la m in
and h y d r o x o c o b a l a m i n .  B eca u se  o f  t h i s  d i f f e r e n c e  and b e c a u s e  
coenzyme B^^ be  o f  t h e r a p e u t i c  i m p o r t a n c e ,  t h i s  a n a l o g u e  was 
i n c l u d e d  i n  t h e  s t u d y .
m a t e r ia l s  AND METHOD
The 24 v o l u n t e e r s  s t u d i e s  were  e i t h e r  no rm a l  o r  had 
i r r e l e v a n t  d i s e a s e s .  A l l  had a norm al  serum v i t a m i n  B^^ l e v e l  
and n o rm a l  p e r i p h e r a l  b lo o d  v a l u e s  and no p a t i e n t  "had r e n a l  o r  
h e p a t i c  d i s e a s e .  The p a t i e n t s  were  d i v i d e d  i n t o  two g r o u p s ,  t h e  
f i r s t  r e c e i v i n g  ^^Co -  o y a n o o o b a l a m i n  and Co -  h y d r o x o c o b a la m in
58and t h e  seco nd  Co -  c y a n o c o b a la m in  and  ^ Go -  coenzyme B^^.
The mass o f  e a c h  d o s e  was 1000 p g  l a b e l l e d  w i t h  0 , 5  p O i  o f  e i t h e r  
c o b a l t - 5 8  o r  c o b a l t - 5 7 .  A d m i n i s t r a t i o n  was by i n j e c t i o n  i n t o  
t h e  b u t t o c k  and i n  e a c h  g ro u p  t h e  p r o c e d u r e  was t h e  same. The 
c y a n o c o b a la m in  was g i v e n  on d a y  0 and t h e  r e t e n t i o n  was m easu red  
i m m e d i a t e l y L a f t e r  i n j e c t i o n  t o  g i v e  a 100% v a l u e ,  and a g a i n  a t  3 
and 28 d a y s  a f t e r  a d m i n i s t r a t i o n ,  c o r r e c t i o n s  b e i n g  made f o r  
n a t u r a l  body  r a d i o a c t i v i t y ,  b a c k g ro u n d  and r a d i o a c t i v e  d e c a y .
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A week a f t e r  t h e  i n j e c t i o n  o f  c y a n o c o b a l a m i n ,  h y d r o x o c o b a la m in  
o r  coenzyme g i v e n  i n t o  t h e  o p p o s i t e  b u t t o c k  and t h e
r e t e n t i o n  m easu re d  i m m e d ia t e l y  and a t  3 and 28 d ays  a f t e r  
i n j e c t i o n .  I n  e v a l u a t i n g  t h e  r e s u l t s ,  c o r r e c t i o n s  were  made 
f o r  t h e  c o n t r i b u t i o n  i n  t h e  Compton r e g i o n  o f  t h e  c o b a l t -5 8  
gamma r a y  s p e c t r u m  t o  t h e  p h o t o p e a k  o f  t h e  c o b a l t - 5 7  s p e c t r u m ,  
t h i s  b e i n g  c a l c u l a t e d  f o r  e a c h  s u b j e c t .  The amount o f  i s o t o p e  
r e m a i n i n g  a t  t h e  s i t e  o f  i n j e c t i o n  was d e t e r m i n e d  by s u r f a c e
c o u n t i n g ,  a l l o w a n c e s  b e i n g  made f o r  th e  b a c k g ro u n d  r a d i a t i o n .
58 57The d o s e s  o f  Go -  c y a n o c o b a la m in  and Co -  h y d r o x o -
c o b a l a m i n  were  p r e p a r e d  w i t h  t h e i r  r e s p e c t i v e  c o m m e r c i a l ly
57a v a i l a b l e  s t a b l e  c o b a l a m i n s .  The s t a b l e  and Go -  oenzyme B^^ 
s o l u t i o n s  were  p r e p a r e d  by t h e  m ethods  d e s c r i b e d  by J o h n s o n  e t  
a l .  ( 1 9 6 3 )» and t h e  d o s e s  f o r  i n j e c t i o n  w ere  p r o c e s s e d  i n  dim 
r e d  l i g h t  and t h e n  s h i e l d e d  from d i r e c t  l i g h t  by w r a p p in g  th e  
am pou les  and s y r i n g e s  i n  heav y  f o i l .  The p r e p a r a t i o n s  were  
s t e r i l i s e d  by m i l l i p o r e  f i l t r a t i o n .
RESULTS
By 3 d ay s  a f t e r  a d m i n i s t r a t i o n ,  t h e  whole  body r e t e n t i o n  
o f  coenzyme B^^ was 40.9% and o f  c y a n o c o b a la m in  was 15*1%. A 
S t u d e n t ' s  t  t e s t  showed t h e i r  d i f f e r e n c e  t o  be  s t a t i s t i c a l l y  
s i g n i f i c a n t  w i t h  an  u n c e r t a i n t y  o f  l e s s  t h a n  0.1% (P  <T O.GGl) .  
The s u b s e q u e n t  l o s s  o f  coenzyme B^^, h o w ever ,  was more r a p i d
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t h a n  t h a t  o f  o y a n o o o b a la m in ,  so t h a t  by 28 d a y s  a f t e r  a d m i n i s t r a t i o n  
t h e  mean r e t e n t i o n  o f  ooenayine was l8«5% compared w i t h  13*6% 
f o r  c y a n o c o b a la m in  ( O . O l > P > O .O O l) . The r e s u l t s  f o r  the  i n d i v i d -  
u a l p a t i e n t s  a r e  shown i n  T a b le  1 ,
The r e t e n t i o n  o f  h y d r o x o c o b a la m in  on t h e  3rd d a y ,  4 2 .1%, 
was more t h a n  t h r e e  t im e s  t h a t  o f  c y a n o c o b a la m in ,  13.7% ( P < 0 . 0 0 l ) .  
By t h e  2 8 th  d a y ,  t h e  r e t e n t i o n  o f  h y d r o x o c o b a la m in  was s t i l l  more 
t h a n  t h r e e  t im e s  t h e  r e t e n t i o n  o f  c y a n o c o b a la m in ,  t h e  v a l u e s  b e i n g  
32 . 5% ^nd 1 0 . 5% r e s p e c t i v e l y  ( P < 0 . 0 0 l ) ,  T h e r e f o r e ,  u n l i k e  t h a t  
o f  coenzyme B^^, t h e  f r a c t i o n a l  l o s s e s  o f  h y d r o x o c o b a la m in  and 
c y a n o c o b a la m in  b e tw e e n  day  3 and 28 were  p r a c t i c a l l y  i d e n t i c a l .
The r e s u l t s  f o r  t h e  i n d i v i d u a l  p a t i e n t s  a r e  shown i n  T a b le  2 ,
T h ere  was no d i f f e r e n c e  b e tw e e n  th e  mean v a l u e s  f o r  th e  
r e t e n t i o n  o f  h y d r o x o c o b a la m in  and ooenzyme B^^ by day  3 $ b u t  by 
d ay  28 t h e  amount o f  h y d r o x o c o b a la m in  r e t a i n e d  was s i g n i f i c a n t l y  
g r e a t e r  ( p < O . O l ) .
The v a r i a t i o n  i n  t h e  o o u n t i n g - r a t e  on t h e  day  o f  a d m i n i s t r a ­
t i o n  was s m a l l ,  t h e  t y p i c a l  r e d i s t r i b u t i o n  e f f e c t s  b e i n g  shown 
i n  T a b le  9» C h a p t e r  I I .  The a d v a n t a g e  o f  s m a l l  v a r i a t i o n s  
i n  t h e  i n i t i a l  o o u n t i n g - r a t e  i s  t h a t  u n c e r t a i n t y  i n  t h e  100% 
v a l u e  and i n  t h e  f r a c t i o n  o f  c o b a l t -5 8  gamma r a y s  d e t e c t e d  i n  
t h e  c o b a l t - 5 7  e n e r g y  band  i s  r e d u c e d .  Boddy e t  a l .  ( I 9 6 9 B) 
e s t i m a t e d  t h a t  t h e  u n c e r t a i n t y  i n  t h i s  f r a c t i o n  and i n  th e
TABLE 1
WHOLE BODY RETENTION OF ^ Co-GYANOCOBALAMIN
AND ^^Co-GOENZYME B12
CASE No*
% RETENTION OF 
5®Co-CNB^
% RETENTION OF 
S^Go-CoEB
. DAY 3 DAY 28 DAY 3 DAY 28
1 1 6 .2 1 5 .0 3 7 .0 2 2 .0
2 2 2 .2 « 53*7 —
3 1 4 .0 - 4 4 . 2 —
4 1 3 .8 11*6 5 5 .6 1 6 .8
5 1 0 .5 - 29*8 -
6 1 5 .6 1 4 .0 3 6 .6 1 7 .2
7 1 9 .3 — 5 3 .4 —
8 1 2 .3 10*8 4 0 . 2 17*1
9 1 9 .4 1 6 .7 4 2 . 0 1 9 .3
ID 1 2 .7 - 3 3 .5 —
11 9 .6 - 2 3 .8 —
(%) 1 5 .1 1 3 .6 4 0 . 9 1 8 . 5
MEAN
( /ng B^g) 151 136 409 185
TABLE 2
88WHOLE BODY ABB SITE RETSBTIOB OF Co-CYAMOCOBALAMIM 
AND ^*^Co-HYDKOXOGOBALAMIN
f- Q% RETENTION OP " C o % RETENTION OP ^^Co-OHB^^
CASE No. WHOLE BODY SITS WHOLE BODY SITE
DAY 3 DAY 28 DAY 3 DAY 3 DAY 28 DAY 3
1 1 2 .4 8 . 5 0 . 4 2 5 .0 1 8 .9 3 .4
2 1 2 .2 . 1 0 .2 1 . 0 2 9 .9 2 6 .0 1 .7
3 1 6 .2 1 1 .4 - 6 2 .1 4 6 . 0 —
4 1 1 .1  * 8 . 4 - 5 0 .1 3 4 .2 0 . 3
5 1 2 .6  * 1 0 .3 — — 3 5 .5 —
6 1 2 .4 9 . 9 0 . 4 2 8 ,5 2 0 .9 2 .4
7 1 1 .5 8 . 3 0 . 6 5 0 . 0 3 7 .5 4 . 6
8 1 2 .5 9 .9 0 . 6 4 9 .9 3 8 .5 1 . 3
9 1 7 .2 1 2 .8 0 .7 4 2 . 4 3 1 .3 3 .1
10 1 6 .8 1 5 .2 0 . 6 4 4 . 3  . 3 5 .7 1 . 2
11 1 4 .7 - 0 . 4 3 9 .0 — 1 .4
12 1 3 .0 - 0 . 5 — -
13 1 5 .3 — 0 . 3 - —
(%)MEAN 1 3 .7 1 0 .5
0 . 6 4 2 . 1 3 2 .5 2 .2
( /^g *12) 137 105 6 421 325 22
Me Day 4
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o o b a l t - 5 8  o o u n t i n g - r a t e  r e s u l t s  i n  an u n c e r t a i n t y  o f  a b o u t  4% 
i n  t h e  c o u n t i n g - r a t e  due to  o ô b a l t - 5 7 *
DISCUSSION
The 3 and 28 day  r e t e n t i o n  p a t t e r n s  o f  c y a n o c o b a l a m i n ,  
h y d r o x o c o b a la m in  and coenzyme a f t e r  p a r e n t e r a l  a d m i n i s t r a t i o n
a r e  q u i t e  d i f f e r e n t  and have  n o t  p r e v i o u s l y  b e e n  r e c o r d e d .  The 
r e s u l t s  o f  t h e  m ea su re m e n ts  a t  t h e  s i t e  o f  i n j e c t i o n  show t h a t  
t h e  d i f f e r e n c e  b e tw e e n  t h e  r e t e n t i o n  o f  c y a n o c o b a la m in  and h y d r o x o ­
c o b a la m in  by d a y  3 c a n n o t  be e x p l a i n e d  by  u n e q u a l  r a t e s  o f  
a b s o r p t i o n  from t h e  s i t e .  T h e re  i s  e v i d e n c e  t h a t  t h e  b u l k  o f  th e
body  s t o r e s  o f  v i t a m i n  i n  th e  ooenzyme form (Toohey  and
B a r k e r  I 96 I ,  S t a h l b e r g  e t  a l .  I 9 6 7 )* I t  h a s  a l s o  b e e n  shown 
t h a t  c y a n o c o b a la m in  and h y d r o x o c o b a la m in  a r e  c o n v e r t e d  ' i n  v i v o ’ 
t o  coenzyme B^^ (Rosenblum  e t  a l .  196O, P a w e lk ie w ic z  e t  a l .  1964? 
Uchino  e t  a l , 1 9 6 5 )  and t h a t  by a b o u t  a month  a f t e r  a d m i n i s t r a t i o n  
a l l  t h r e e  form s have  an  a p p a r e n t l y  i d e n t i c a l  e x c r e t i o n —r a t e  
(Boddy and Adams, I 9 6 8 ) .  S i n c e  d i e t a r y  v i t a m i n  B^^ i s  i n  th e  
form  o f  c y a n o c o b a la m in  o r  h y d r o x o x o b a la m in  w h ic h ,  a f t e r  a b s o r p t i o n ,  
i s  p r e s u m a b ly  t r a n s f e r r e d  to  t h e  body s t o r e s  f o r  c o n v e r s i o n  t o  
coonzyme B^^, i t  m ig h t  be e x p e c t e d  t h a t  t h e  m e t a b o l i s m  o f  t h e s e  
two v i t a m i n  B^^ a n a l o g u e s  would  be q u a l i t a t i v e l y  s i m i l a r .  T h is  
was shown by t h e  a l m o s t  i d e n t i c a l  f r a c t i o n a l  l o s s e s  o f  c y an o ­
c o b a l a m in  and h y d r o x o c o b a la m in  s u b s e q u e n t  t o  t h e  day 3 m ea su re m e n t .
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The f r a c t i o n a l  l o s s  o f  ooenzyme s u b s e q u e n t  t o  t h e  day  3
m easu rem en t  was g r e a t e r  t h a n  t h a t  o f  b o t h  c y a n o c o b a la m in  and 
h y d r o x o c o b a la m in .  I f  t h e  n a t u r a l  body B^^ i s  i n  t h e  coenzyme 
form and i s  u t i l i s e d  a s  s u c h ,  t h e  e a r l y  m e t a b o l i s m  o f  v i t a m i n  
B^g a d m i n i s t e r e d  a l r e a d y  i n  t h i s  form m ig h t  be  e x p e c t e d  to  
d i f f e r  f rom th e  o t h e r  two c o b a l a m i n s  .
The r e s u l t s  o f  t h i s  s t u d y  have  c o n s i d e r a b l e  t h e r a p e u t i c  
i m p l i c a t i o n s .  Ooenzyme B^^ w h ic h  i s  e v i d e n t l y  t h e  n a t u r a l  form 
i n  t h e  body s h a l l  be d i s c u s s e d  f i r s t .  A l th o u g h  more coenzyme 
B^g i s  r e t a i n e d  t h a n  c y a n o c o b a la m in  a t  3 and 28 d a y s  p o s t  
a d m i n i s t r a t i o n , l e s s  i s  r e t a i n e d  t h a n  h y d r o x o c o b a lm in  a t  28 d a y s .  
F o r  t h i s  r e a s o n  and b e c a u s e  o f  i t s  i n s t a b i l i t y  i n  d a y l i g h t  
( S m i th  1 9 65 ) c a u s i n g  d i f f i c u l t i e s  i n  p r o c e s s i n g  and h a n d l i n g ,  th e  
use  o f  ooenzyme f o r  r o u t i n e  t h e r a p y  c o u l d  n o t  be j u s t i f i e d .
A p a t h o l o g i c a l  s i t u a t i o n  where  c y a n o c o b a la m in  o r  h y d r o x o c o b a la m in  
c o u ld  be c o n v e r t e d  to  t h e  * i n  v i v o ’ coenzyme form c o u ld  w a r r a n t  
i t s  u s e .  However, s u c h  a d e f e c t  has  n o t  y e t  b e e n  d e s c r i b e d .
I n  e v a l u a t i n g  c y a n o c o b a la m in  and h y d r o x o c o b a la m in  i n  t h e  
t r e a t m e n t  o f  v i t a m i n  d e f i c i e n c y  and i n  c a l c u l a t i n g  t i m e - s c a l e s  
f o r  i n t e r m i t t e n t  t h e r a p y ,  p a r a m e t e r s  i n  a d d i t i o n  t o  t h e  amount o f  
v i t a m i n  r e t a i n e d  need  t o  be  c o n s i d e r e d .  A l lo w a n ce  m ust  be made 
f o r  t h e  i n d i v i d u a l  v a r i a t i o n  i n  r e t e n t i o n  w h ich  i s  by a  f a c t o r  o f  
two o r  more i n  t h i s  p r e s e n t  s e r i e s .  The t u r n o v e r - r a t e  o f  v i t a m i n  
B^g i n  p a t i e n t s  w i t h  p e r n i c i o u s  anaem ia  a l s o  v a r i e s  by  a f a c t o r
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o f  two (Boddy and A d a m s , I 9 6 8 ) and by more i n  p a t i e n t s  w i t h  r e n a l  
and h e p a t i c  d i s e a s e ,  a s  shown i n  C h a p te r  I I I .  From t h e  r e s u l t s  
o f  t h i s  s t u d y  and by making a c o n s e r v a t i v e  a l l o w a n c e  f o r  th e  
v a r i a t i o n s  i n  r e t e n t i o n  and t u r n o v e r ,  i t  i s  p o s s i b l e  to  c a l c u l a t e  
how f r e q u e n t l y  p a r e n t e r a l  i n j e c t i o n s  o f  1000 p g  o f  v i t a m i n  
w i l l  be r e q u i r e d  t o  m a i n t a i n  body s t o r e s  above  1000 ^ig, a v a lu e  
w hich  s h o u l d  e n s u r e  n o r m a l i t y  ( H e y s s e l  e t  a l . , 1964 ) .  The h i g h e s t  
r a t e  o f  l o s s  o b s e r v e d  i n  p a t i e n t s  w i t h  u n c o m p l i c a t e d  p e r n i c i o u s  
anaem ia  v/as 0.2% p e r  d a y .  By t a k i n g  th e  l o w e s t  v a l u e  f o r  
r e t e n t i o n  a t  28 d a y s ,  83 p s  o f  c y a n o c o b a la m in  and I 89 p g  o f  
h y d r o x o c o b a l a m i n ,  and a s su m in g  t h a t  t h e  c o b a la m in  l o s s  a f t e r  28 
d ay s  o c c u r s  u n i f o r m l y  a t  a r a t e  o f  0.2% p e r  d a y ,  t h e  c a l c u l a t e d  
t im e  b e tw e e n  i n j e c t i o n s  i s  68 d a y s  f o r  c y a n o c o b a la m in  and 115 
d ay s  f o r  h y d r o x o c o b a la m in .  The i n h e r e n t  v a l u e s  t a k e n  a r e  
p e s s i m i s t i c  and so t h e  f i n a l  e s t i m a t e d  t im e  b e tw ee n  i n j e c t i o n s  i s  
c o n s e r v a t i v e .  The p r e s e n c e  o f  r e n a l  o r  h e p a t i c  d i s e a s e  may a f f e c t  
t h e  v i t a m i n  m e t a b o l i s m  and i n c r e a s e  t h e  c o b a la m in  t u r n o v e r -  
r a t e .  The h i g h e s t  r a t e  o f  l o s s  o b s e r v e d  v/as 0.51% p e r  day 
( c h a p t e r  I I I )  w h ic h  d e c r e a s e s  t h e  t im e  b e tw e e n  i n j e c t i o n s  t o  44 
d a y s  f o r  c y a n o c o b a la m in  and 62 d a y s  f o r  h y d r o x o c o b a l a m i n .
The serum v i t a m i n  B^^ l e v e l  does  g i v e  an  i n d i c a t i o n  o f  t h e  
e f f e c t i v e n e s s  o f  t r e a t m e n t  b u t  i t s  v a l u e  i s  d o u b t f u l  a s  an  in d e x  
o f  t i s s u e - s t o r e s  i n  p a t i e n t s  on i n t e r m i t t e n t  t h e r a p y .  F o r  t h i s
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r e a s o n ,  t h e  p r e s e n t  c a l c u l a t i o n s  a l l o w i n g  f o r  v a r i a t i o n  i n  t h e  
r e t e n t i o n  o f  t h e  v i t a m i n  and t h e  s u b s e q u e n t  e x c r e t i o n  r a t e s  would 
a p p e a r  more c i r c u m s p e c t ,
SUMMARY
The r e t e n t i o n  o f  t h r e e  p a r e n t e r a l l y  a d m i n i s t e r e d  v i t a m i n  BJL d
compounds was i n v e s t i g a t e d .  By 3 d ays  a f t e r  i n j e c t i o n ,  t h e  
mean w ho le  body r e t e n t i o n  o f  coenzyme ^ ^.nd h y d r o x o c o b a la m in  
was s i m i l a r  and more t h a n  d o u b l e  t h a t  o f  c y a n o c o b a l a m i n .  By 28 
d a y s ,  t h e  mean r e t e n t i o n  o f  h y d r o x o c o b a la m in  was g r e a t e r  t h a n  
t h a t  o f  b o t h  c y a n o c o b a la m in  and coenzyme B^g. The f r a c t i o n a l  
l o s s  s u b s e q u e n t  t o  d a y  3 o f  c y a n o c o b a la m in  and h y d r o x o c o b a la m in  
was s i m i l a r  and u n l i k e  t h a t  o f  coenzyme B^g.
C a l c u l a t i o n s  b a s e d  on th e  r e s u l t s  s u g g e s t  t h a t  a d e q u a t e  
m a i n t e n a n c e  t r e a t m e n t  o f  u n c o m p l i c a t e d  v i t a m i n  B^^ d e f i c i e n c y  
w i l l  be  a c h i e v e d  by p a r e n t e r a l  a d m i n i s t r a t i o n  o f  1000 p g  o f  
c y a n o c o b a la m in  e v e r y  2 months o r  t h e  same d o s e  o f  h y d r o x o c o b a la m in  
e v e r y  4 m on ths .  I f  t h e r e  i s  c o n c o m i t a n t  r e n a l  o r  h e p a t i c  d i s e a s e ,  
t h e  same d ose  o f  c y a n o c o b a la m in  s h o u l d  be  g i v e n  e v e r y  1-|- months 
and o f  h y d r o x o c o b a la m in  e v e r y  2 m o n ths .
29
CHAPTER V
ABSORPTION OF OOENZYME B _  AND OTHER. r ,-r — J.
COBALAMINS AT DIFFERENT DOSE LEVELS
INTRODUCTION
The h u l k  o f  t h e  body s t o r e s  o f  v i t a m i n  B^g i s  i n  t h e  
coenzyme form (T oohey  and B a r k e r  I 96 I ,  S t a h l b e r g  e t  a l ,  I 9 6 7 ) .
I t  d o e s  n o t  f o l l o w ,  ho w e v e r ,  t h a t  m an 's  d i e t a r y  i n t a k e  o f  
v i t a m i n  B^g i s  i n  t h i s  fo rm .  I t  seems l i k e l y  t h a t  t h e  e x t r e m e l y  
u n s t a b l e  and p h o t o s e n s i t i v e  coenzyme B^g may be c o n v e r t e d  to  
o t h e r  c o b a l a m in s  d u r i n g  th e  v a r i o u s  • p r e p a r a t i v e  p r o c e s s e s  to  
w h ich  v i r t u a l l y  a l l  v i t a m i n  B^g c o n t a i n i n g  f o o d s  a r e  s u b j e c t e d .
I t  t h e r e f o r e  seemed o f  i n t e r e s t  t o  m easure  t h e  a b s o r p t i o n  o f  
ooenzyme B^g and o t h e r  c o b a l a m i n s  i n  t h e  p u r e  form a t  d i f f e r e n t  
d ose  l e v e l s  a s  a  b a s e l i n e  f o r  f u r t h e r  s t u d i e s .
MATERIALS AND METHODS
The a b s o r p t i o n  o f  r a d i o a c t i v e  coenzyme B^g,  c y a n o c o b a l a m i n ,  
h y d r o x o c o b a la m in  and r a e th y lo o b a l a m in  were  m ea su re d  e a c h  a t  dose  
l e v e l s  o f  1 ,  5 8.nd 25 p B  u s i n g  a d o u b le  t r a c e r  t e c h n i q u e .  Each 
o f  t h e  63  p a t i e n t s  s t u d i e d  r e o ,e iv e d  th e  same o r a l  d o se  o f  two 
c o b a l a m i n s ,  one l a b e l l e d  w i t h  c o b a l t - 5 7  and t h e  o t h e r  w i t h  
c o b a l t - 5 8  a t  an  i n t e r v a l  o f  24 h o u r s .  The whole  body a c t i v i t y
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was m easu red  a f t e r  e a c h  d o se  t o  o b t a i n  t h e  100% v a l u e  and a g a i n  
a t  16 d a y s  a f t e r  t h e  f i r s t  d o s e .  A l l  c o u n t i n g - r a t e s  were  
c o r r e c t e d  f o r  b a c k g r o u n d ,  n a t u r a l  body r a d i o a c t i v i t y ,  t h e  c o b a l t - 5 8  
p h o t o f r a c t i o n  ( i n  c o b a l t - 5 7  c o u n t i n g - r a t e s )  and r a d i o a c t i v e  d e c a y .
The d o s e s  o f  c o b a l t -5 8  c y a n o c o b a la m in  and c o b a l t - 5 7  h y d ro x o ­
c o b a la m in  were p r e p a r e d  w i t h  t h e i r  r e s p e c t i v e  c o m m e r c i a l l y  
a v a i l a b l e  u n l a b e l l e d  c o b a l a m i n s .  C o b a l t - 5 7  ooenzyme and 
u n l a b e l l e d  ooenzyme B^g were  p r e p a r e d  by t h e  method o f  J o h n s o n  e t  
a l .  ( 1 96 3 ) and G o b a l t - 5 8  r a e th y lc o b a l a m in  and i t s  u n l a b e l l e d  form 
by m é t h y l a t i o n  o f  c y a n o c o b a l a m i n .  The d o s e s  o f  coenzyme B^g 
and m e t h y l c o b a l a m i n  were  p r o c e s s e d  i n  dim r e d  l i g h t  and a l l  
s o l u t i o n s  s t o r e d  a t  + 4^8 i n  d a r k g l a s s  b o t t l e s  wrapped  i n  heavy  
f o i l .  The t o t a l  volume o f  e a c h  dose  was 100 ml and t h e  a c t i v i t y  
r an g e d  from 0 . 2  ^ G i  f o r  t h e  c o b a l t -5 8  c o b a l a m i n s  t o  1 . 0  juCi f o r  
th e  25 p g  d ose  o f  t h e  o o b a l t - 5 7  c o b a l a m i n s .  The p a t i e n t s  were 
f a s t i n g  and no fo o d  was g i v e n  f o r  two h o u r s  a f t e r  a d m i n i s t r a t i o n .
The s u b j e c t s  were  h o s p i t a l  i n  o r  o u t  p a t i e n t s  w i t h  a wide 
v a r i e t y  o f  d i s e a s e s  e x c l u d i n g  m e g a l o b l a s t i c  a n a e m ia ,  m a l a b s o r p t i o n ,  
h e p a t i c  d i s e a s e  and p r e v i o u s  g a s t r o i n t e s t i n a l  s u r g e r y .  Most were  
i n  t h e  c o n v a l e s c e n t  p h a se  o f  t h e i r  i l l n e s s  and a l l  p a t i e n t s  gave 
t h e i r  in fo rm e d  c o n s e n t  t o  t a k e  p a r t  i n  t h e  s t u d y .
RESULTS
The i n d i v i d u a l  r e s u l t s  . f o r  p a t i e n t s  g i v e n  1 ^ug d o s e s  o f
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c y a n o c o b a la m in  (CNB.^g), ooenzyme B^g (CoEB^g),  m e t h y l c o b a la m i n  
(CH^B^g) and h y d r o x o c o b a la m in  (OHB^g) a r e  p r e s e n t e d  i n  T a b le  1. 
T a b l e s  2 and 3 show t h e  r e s u l t s  a f t e r  5 a,nd 25 p g  d o s e s  
r e s p e c t i v e l y *  R e l e v a n t  d e t a i l s  a b o u t  t h e  s u b j e c t s  a r e  a l s o  
shown. The r e s u l t s  o b t a i n e d  f o r  p a t i e n t s  g i v e n  c o b a l t - 5 8  
c y a n o c o b a la m in  and c o b a l t - 5 7  ooenzyme B^g a t  any one d o s e  l e v e l  
and f o r  p a t i e n t s  g i v e n  c o b a l t - 5 8  m e t h y l c o b a l a m i n  and o o b a l t - 5 7  
h y d r o x o c o b a la m in  a t  any  one d o se  l e v e l  were  a n a l y s e d  by a 
2 - t a i l e d  W ilcoxon T e s t  f o r  m a tched  p a i r s .  F o r  o t h e r  c o m p a r i s o n s  
a  2 - t a i l e d  Mann W hitney  T e s t  f o r  i n d e p e n d e n t  g ro u p s  v/as used* A 
summary o f  t h e s e  a n a l y s e s  i s  p r e s e n t e d  i n  T a b le  4«
At t h e  1 p g  d o s e  l e v e l  t h e  h i g h e s t  mean a b s o r p t i o n  was a f t e r  
h y d r o x o c o b a l a m i n ,  t h e  v a l u e s  a b s o r b e d  b e i n g  s i g n i f i c a n t l y  g r e a t e r  
t h a n  t h a t  o f  m e t h y l c o b a l a m i n  (p<O .O l)  and coenzyme B^g ( p < 0 . 0 2 ) .  
The v a l u e s  f o r  c y a n o c o b a la m in  w ere  s i g n i f i c a n t l y  h i g h e r  t h a n  
f o r  coenzyme B^g ( P < 0 ,0 1 )  and t h o s e  f o r  m e t h y l c o b a l a m i n  a l s o  
s i g n i f i c a n t l y  h i g h e r  t h a n  f o r  coenzyme B^g (P < 0 ,0 5 )*  At th e  
5 p g  d o se  l e v e l ,  t h e  h i g h e s t  mean a b s o r p t i o n  v/as a f t e r  t h e  
a d m i n i s t r a t i o n  o f  c y a n o c o b a la m in  and t h e  v a l u e s  f o r  o y a n o o o b a lam in  
and m e t h y l c o b a la m i n  were  b o t h  s i g n i f i c a n t l y  g r e a t e r  t h a n  t h o s e  
f o r  ooenzyme B^g ( p < 0 * 0 2 ) .  At t h e  25 p g  d o s e  l e v e l  t h e  o r d e r  
changed  a g a i n ,  t h e  h i g h e s t  mean a b s o r p t i o n  b e i n g  a f t e r  t h e  
a d m i n i s t r a t i o n  o f  ooenzyme B^g and th e  v a l u e s  f o r  b o t h  coenzyme 
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NS -  r e s u l t  n o t  s i g n i f i c a n t  P > 0 , 0 9  
S -  r e s u l t  s i g n i f i c a n t + P < 0 . 0 5  
4+ P <  0 . 0 2  
444 P < 0 . 0 1  
4 4 4 4  P<C 0 ,0 0 2
3 2
f o r  o y a n o o o b a la m in  ( P < 0 . 0 5 ) .
DISCUSSION
On t h e  a s s u m p t i o n  t h a t  t h e  whole  body r a d i o a c t i v i t y  16 days  
a f t e r  o r a l  a d m i n i s t r a t i o n  o f  a l a b e l l e d  c o b a l a m in  i s  a m easure  
o f  t h e  amount o f  c o b a la m in  a b s o r b e d ,  th e  r e s u l t s  seem t o  i n d i c a t e  
t h a t  t h e  f r a c t i o n  o f  t h e  d o se  a b s o r b e d  i s  a f u n c t i o n  o f  b o t h  t h e  
mass and t h e  s t r u c t u r e  o f  t h e  c o b a la m in ,  ' The e f f e c t  o f  mass 
on t h e  f r a c t i o n  o f  t h e  d ose  a b s o r b e d  has  b e en  shown by G la s s  e t  
a l*  ( 1 9 5 4 ) )  who fo u n d  t h e  o r a l  a b s o r p t i o n  o f  v i t a m i n  i n
norm al  s u b j e c t s  t o  v a r y  from 3^ a f t e r  50 o f  c y a n a c o b a la m in  
t o  40^  a f t e r  2 ju g  and by S w endse id  e t  a l ,  ( 1 9 5 4 ) who found  i t  t o  
v a r y  from 16^ a f t e r  10 o f  c y a n o c o b a la m in  t o  68ÿ a f t e r  0 . 5 yUg. 
The n a t u r e  o f  t h e  l i g a n d  o c c u p y in g  th e  6 t h  p l a c e  on th e  c o b a l t  
atom d e t e r m i n e s  t h e  c o b a la m in  s t r u c t u r e *  T h is  was found  t o  be 
i m p o r t a n t  by Rosenblum e t  a l .  (1 9 5 5 ,  1 9 5 6 ) ,  c y a n o c o b a la m in  b e i n g  
b e t t e r  a b s o r b e d  t h a n  c h l o r o c o b a l a m i n ,  s u l p h i t o c o b a l a m i n , n i t r o -  
c o b a la m in  and t h i o c y a n a t o c o b a l a m i n  a t  d o s e  l e v e l s  o f  0*5 to  
2 . 0  jug. S t r u c t u r e  was a l s o  shown to  be a f a c t o r  by H e r b e r t  and 
S u l l i v a n  ( 1 96 4 ) who found  t h a t  c y a n o c o b a la m in  was b e t t e r  a b s o r b e d  
t h a n  ooenzyme a t  t h e  2 , 0  ^ug dose  l e v e l  and by H e i n r i c h  and 
Gabbe ( I 9 6 4 ) who showed t h a t  t h e  a b s o r p t i o n  o f  oy a n o o o b a lam in  
and h y d r o x o c o b a la m in  was s i m i l a r  and g r e a t e r  t h a n  t h a t  o f  
ooenzyme a t  0 . 1  t o  1 . 5  J^S d o se  l e v e l s .  ,The i n t e r r e l a t i o n -
33
s h i p  o f  mass and s t r u c t u r e  w i t h  r e s p e c t  to  t h e  f r a c t i o n  a b s o r b e d  
h a s  n o t  however  b e e n  p r e v i o u s l y  d e s c r i b e d *
An e x p l a n a t i o n  f o r  th e  d i f f e r e n t  c o b a l a m in  f r a c t i o n s  
a b s o r b e d  a t  d i f f e r e n t  d ose  l e v e l s ,  o r  even  a t  any one d o s e  l e v e l ,  
i s  n o t  a p p a r e n t .  The cyano g ro u p  i n  c y a n o c o b a la m in  i s  so t i g h t l y  
bound t h a t  t h e  v i t a m i n  i s  e s s e n t i a l l y  a n o n - e l e c t r o l y t e .
O th e r  c o b a l a m i n s ,  su c h  a s  h y d r o x o c o b a la m in  o r  c h l o r o c o b a l a m i n ,  
a r e  h i g h l y  d i s s o c i a t e d  so a s  t o  be e f f e c t i v e l y  e l e c t r o l y t e s  i n  
c h a r a c t e r .  Rosenblum e t  a l ,  ( l 9 5 5 )  s u g g e s t e d  t h a t  t h i s  d i f f e r e n c e  
i n  b e h a v i o u r  m ig h t  e x p l a i n  why some c o b a l a m i n s  a r e  b e t t e r  a b s o r b e d  
from t h e  g a s t r o i n t e s t i n a l , t r a c t  t h a n  o t h e r s .  However,  Rosenblum 
e t  a l .  ( 1 9 5 6 ) ,  s u b s e q u e n t l y  c o n c l u d e d  t h a t  t h e  d i f f e r e n c e s  i n  th e  
e a s e  o f  a b s o r p t i o n  o f  c o b a l a m i n s  c o u ld  n o t  be a t t r i b u t e d  to  
d i f f e r e n c e s  i n  t h e i r  e l e c t r o l y t e  n a t u r e  and a t t e n d a n t  s o l u b i l i t y  
p r o p e r t i e s  and t h o u g h t  t h a t  t h e  t i g h t n e s s  o f  b i n d i n g  o f  t h e  cyano 
g ro up  i n  t h e  c o b a l t  c o - o r d i n a t i o n  s p h e r e  a c c o u n t e d  f o r  t h e  b e t t e r  
a b s o r p t i o n  o f  c y a n o c o b a la m in  compared w i t h  c h l o r o c o b a l a m i n ,  
s u l p h i t o c o b a l a m i n ,  n i t r c o o b a l a m i n  and t h i o c y a n a t o c o b a l a m i n  a t  
l e a s t  a t  t h e  2 jug d o s e  l e v e l .  T h is  e x p l a n a t i o n  would  be i n  
k e e p i n g  w i t h  o u r  r e s u l t s  a t  t h e  1 and 5 jug d o s e  l e v e l s  b u t  n o t  
w i t h  t h o s e  a t  t h e  25 / i g  l e v e l .  There  i s  e v i d e n c e ,  h o w e v e r ,  t h a t  
t h e  a b s o r p t i o n  o f  a t  l e a s t  c y a n o c o b a la m in  i s  i n t r i n s i c  f a c t o r  
i n d e p e n d e n t  a t  t h e  30 jug d o se  l e v e l  ( H e r b e r t  e t  a l ,  1 9 6 4 ) &nd i t  
may .be t h a t  f a c t o r s  s u c h  a s  t i g h t n e s s  o f  b i n d i n g  o f  t h e  l i g a n d  a r e
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i m p o r t a n t  when t h e  a b s o r p t i o n  i s  i n t r i n s i c  f a c t o r  d e p e n d e n t ,  
b u t  a r e  l e s s  s o ,  o r  co m p e n sa te d  f o r ,  when t h e  a b s o r p t i o n  i s  
i n d e p e n d e n t  o f  t h e  i n t r i n s i c  f a c t o r  m echanism. The d e g r e e s  
o f  s i g n i f i c a n c e  f o r  t h e  d i f f e r e n c e  i n  t h e  a b s o r p t i o n  o f  one 
c o b a la m in  compared w i t h  a n o t h e r  ( T a b le  4 ) a p p e a r  to  s u p p o r t  
t h i s  s u g g e s t i o n .  I n  g e n e r a l ,  t h e y  a r e  h i g h  a t  t h e  1 jug d ose  
l e v e l  and become l e s s  i m p r e s s i v e  w i t h  i n c r e a s e d  d o s e s ,  u n t i l ,  
a f t e r  t h e  25 jug d o s e s ,  t h e  d e g r e e s  o f  s i g n i f i c a n c e  o n ly  j u s t  
r e a c h  t h e  3% l e v e l .
W hether  t h e s e  f i n d i n g s  h ave  any p h y s i o l o g i c a l  s i g n i f i c a n c e  
i s  u n c e r t a i n .  I t  h a s  been  shown t h a t  t h e  a b s o r p t i o n  o f  meat  
bound c o b a l a m in  v/as c o m p a ra b le  w i t h  t h a t  o f  p u re  c y a n o c o b a la m in  
( H e y s s e l  a t  a l .  I 9 6 6 ) and a l t h o u g h  R e i z e n s t e i n  and Nyberg  (1959)  
found  t h a t  l i v e r  bound c o b a l a m i n  i s  more r e a d i l y  a b s o r b e d  t h a n  
p u re  c y a n o c o b a la m in  t h i s  f i n d i n g  was n o t  c o n f i r m e d  by S u l l i v a n  
e t  a l ,  ( 1962 ) o r  Olcuda e t  a l .  ( 1 96 8 ) .  N e v e r t h e l e s s ,  e x t r a ­
p o l a t i o n  from  t h e  p r e s e n t  r e l a t i v e l y  s im p le  u n p h y s i o l o g i o a l  s t u d y  
to  t h e  complex  f i e l d  o f  a b s o r p t i o n  from fo o d  would seem unv / ise .
I t  c an  be c o n c lu d e d  f rom  t h e  r e s u l t s ,  h o w e v e r ,  t h a t  t h e  a b s o r p t i o n  
o f  v i t a m i n  a p p e a r s  t o  be an  i n c r e a s i n g l y  complex  s u b j e c t .
SUMMARY
The a b s o r p t i o n  o f  coenzyme ^ud o t h e r  c o b a la m in s  i n  p u re
form a t  d i f f e r e n t  d o s e  l e v e l s  h a s  been  s t u d i e d  i n  63 p a t i e n t s
35
u s i n g  a d o u b le  t r a c e r  t e c h n i q u e .  The f r a c t i o n  o f  t h e  d o se  
a b s o r b e d  a p p e a r s  t o  be a f u n c t i o n  o f  b o t h  t h e  mass and t h e  
s t r u c t u r e  o f  t h e  c o b a l a m i n .  I t  may be t h a t  f a c t o r s  w h ich  
a c c o u n t  f o r  d i f f e r e n c e s  i n  a b s o r p t i o n  when t h e  mechanism i s  
i n t r i n s i c  f a c t o r  m e d i a t e d  d i f f e r  from t h o s e  when a b s o r p t i o n  
i s  i n t r i n s i c  f a c t o r  i n d e p e n d e n t .  The s t u d y  c o n f i r m s  t h e  
c o m p l e x i t y  o f  t h e  a b s o r p t i o n  o f  v i t a m i n
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CHAPTER VI
A PRELIMINARY STUDY OF ZINC METABOLISM 
IN CARCINOMA OF THE PROSTATE GLAND
INTRODUCTION
Z inc  i s  a t r a c e  m e t a l  o f  p h y s i o l o g i c a l  i m p o r t a n c e  which  
i s  w i d e l y  d i s t r i b u t e d  i n  many enzyme s y s t e m s .  Changes i n  th e  
a c t i v i t y  o f  c e r t a i n  enzym es ,  d e p e n d in g  on f h e  p r e s e n c e  o f  
s p e c i f i c  t r a c e  m e t a l s ,  have  b e e n  r e p o r t e d  i n  tumour t i s s u e s  o f  
a n i m a l s  ( O r e e n s t e i n  1954)  Eind o f  man (Dacha e t  a l .  I 9 6 3 )*
The r e m a r k a b l y  h i g h  c o n c e n t r a t i o n  o f  z i n c  i n  t h e  human p r o s t a t e  
was f i r s t  shown by B e r t r a n d  and V la d esco  ( l 9 2 l )  and h a s  s i n c e  
b e e n  w e l l  e s t a b l i s h e d  (Mawson and F i s c h e r  1951,  Gunn e t  a l .  
1 9 5 5 $ V a l l e e  1 9 5 9 ,  McKenzie e t  a l .  I 9 6 2 , Mayer I 9 6 4 ) .  When a 
c a r c i n o m a t o u s  chan g e  o c c u r s  i n  t h e  p r o s t a t e  t h e r e  i s  a d i s t i n c t  
f a l l  i n  t h e  z i n c  c o n t e n t  o f  t h e  p r o s t a t i c  t i s s u e  (Mawson and 
F i s c h e r  1952,  Hoare  e t  a l .  1956 ,  D a n i e l  e t  a l .  1956 ,  S c h r o d t  e t  
a l ,  1 9 6 4 , R o s o f f  and S p e n c e r  I 9 6 5 , Gyorkey e t  a l ,  I 9 6 7 ) ,
These  o b s e r v a t i o n s  s u g g e s t  t h a t  a c o m p a r i s o n  o f  whole  body 
z i n c  m e ta b o l i s m  r e l a t e d  to  l o c a l  p r o s t a t i c  u p t a k e  o f  z i n c  m ig h t  
form t h e  b a s i s  o f  a method t o  m easure  t h e  r e s p o n s e  o f  p r o s t a t i c  
c a r c in o m a  t o  t h e r a p y .
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P r e l i m i n a r y  i n v e s t i g a t i o n s  have  b e e n  c a r r i e d  o u t  to  
e s t a b l i s h  t h e  s o u r c e s  o f  e r r o r  and to  o p t i m i s e  t h e  p r o c e d u r e s  
(Boddy e t  a l .  1970 B) ,
MATERIALS AND METHOD
F i v e  male  p a t i e n t s  ( c a s e s  1 to  5) b e tw e e n  60 and 70 y e a r s  
o f  age  who were  a t  v a r i o u s  s t a g e s  o f  o e s t r o g e n  t h e r a p y  f o r  p r o -  
s t a t i c  c a rc in o m a  were  i n v e s t i g a t e d ,  A male c o n t r o l  p a t i e n t  ( c a s e  
6)  who u n d e rw en t  t o t a l  c y s t e c t o m y  f o r  b l a d d e r  tumour  and v/as n o t  
known to  have  any p r o s t a t i c  l e s i o n  v/as i n c l u d e d  i n  t h e  s tudy*
Each p a t i e n t  was g i v e n  an i n t r a v e n o u s  d o se  o f  10 juCi z i n c -  
65 a s  z i n c  c h l o r i d e  and a w hole  body m easurem ent  was made w i t h i n  
two h o u r s  o f  a d m i n i s t r a t i o n .  S ts rface  c o u n t i n g  was c a r r i e d  o u t  
o v e r  t h e  p e r in e u m  u s i n g  a 7 . 6  by 7*6 cm sodium i o d i d e  d e t e c t o r  
w i t h  a l e a d  c o l l i m a t o r *  Whole body and s u r f a c e  m easu re m e n ts  
were  made up to  6 t o  8 d a y s  p o s t  a d m i n i s t r a t i o n  and up to  15 days  
i n  c a s e  2. D i r e c t  c o u n t i n g ' o f  t h e  r i g h t  and l e f t  l o b e s  o f  t h e  
p r o s t a t e  was a c h i e v e d  u s i n g  a new r e c t a l  p ro b e  (Boddy and P r o v a n . 
1 9 7 0 ) which was d i r e c t e d  a g a i n s t  e ach  lo b e  o f  t h e  g l a n d  i n  t u r n  
by a f i n g e r  p l a c e d  i n  t h e  r e c t u m .  R e c t a l  c o u n t s  were  made and 
b lo o d  was w i th d ra w n  tw i c e  d a i l y  f o r  f o u r  c o n s e c u t i v e  d a y s .  The 
b lo o d  was c e n t r i f u g e d  a t  6 ,0 0 0  r . p . m .  f o r  t e n  m in u t e s  and a f t e r  
s e p a r a t i o n ,  s t o r e d  a t  a t e m p e r a t u r e  o f  -  4 * 0 .  A l l  p a t i e n t s  were
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on 24 h o u r  u r i n e  and f a e c a l  c o l l e c t i o n s  f o r  4 d a y s .
RESULTS
The c l i n i c a l  d a t a  f o r  t h e  p a t i e n t s  s t u d i e d  a r e  g i v e n  i n  
T a b le  1.
F i g u r e  1 shows th e  w hole  body r e t e n t i o n  o f  z i n c  -  6 5 *
The maximum v a r i a t i o n  i n  c o u n t i n g - r a t e  up to  a b o u t  8 h o u r s  
p o s t  a d m i n i s t r a t i o n  d i d  n o t  ex ceed  2^ ,  t y p i c a l  r e s u l t s  f o r  t h r e e  
o f  t h e  p a t i e n t s  b e i n g  shown i n  C h a p te r  I I ,  T a b le  7 and s u b s e q u e n t  
v a r i a t i o n  up t o  24 h o u r s  p o s t  a d m i n i s t r a t i o n  was l e s s  t h a n  4^ .
I t  vfas i n t e n d e d  t h a t  e a c h  p a t i e n t  s h o u ld  r e c e i v e  t h e  same d o se  
o f  10 juCi z i n c  -  6 5 * As d i f f e r e n c e s  i n  t h e  i n i t i a l  c o u n t in g - r * a t e s  
among i n d i v i d u a l s  g r e a t l y  e x ce e d e d  t h o s e  s e e n  p r e v i o u s l y  w i t h  
a w ide  ra n g e  o f  i s o t o p e s ,  i t  seems l i k e l y  t h a t  d e s p i t e  th e  c a r e  
t a k e n ,  t h e  amount o f  z i n c  - >6 5  a d m i n i s t e r e d  was v a r i a b l e .  
C o n s e q u e n t l y ,  c o m p a r i s o n  w i t h  s t a n d a r d s  was n o t  v e r y  m e a n in g f u l  
a n d ,  where  a p p r o p r i a t e ,  r e s u l t s  were n o r m a l i s e d  t o  t h e  i n i t i a l  
w hole  body c o u n t i n g - r a t e s .
The r e s u l t s  o f  t h e  24 h o u r  u r i n e  and f a e c a l  c o l l e c t i o n s ,  
g i v e n  i n  T a b le  2 ,  show t h a t  t h e  mean l o s s  up to  4 d a y s  p o s t  
a d m i n i s t r a t i o n  i s  4*4^  and t h a t  t h e  b u l k  o f  th e  z i n c  -  65 i s  
l o s t  i n  th e  f a e c e s .
A g eo m e try  c o r r e c t i o n  f a c t o r  was a p p l i e d  e n a b l i n g  an  
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TABLE 2
EXCRETION OP ZINC -  65 IH URIBE AMD FAECES AS
^  OF BOSE
CASE
No.
DAYS TOTAL DAYS 
0 — 4 (u+p)
0 -. 1 1 -- 2 2 -- 3 3 -- 4Ü P U P ! U P u P
1 0 .4 6 0 . 4 9 0 . 4 4 0 .2 5 0 . 2 5 1 .0 4 0 . 2 7 0 .0 1 3 .2 1
2 0 .0 9 0 .3 7 0 . 1 1 1 .0 4 0 . 0 4 - 0 .0 4 0 .7 2 2 .4 1
3 0 * 36 0 . 2 9 1 .5 7 0 . 0 3 0 .2 5 0 . 2 4 2 .09 4 . 8 3
4 0 . 8 8 0 . 0 4 3.7A 0 . 1 8 0 . 3 8 0 .2 8 0 . 2 6 0 . 7 5 6 .5 1
5 1 .1 5 - 0 .4 6 1 .2 5 0 . 4 3 1 .9 3 0 . 2 6 — 5 .4 8
6 0 .1 5 0 . 0 1 0 . 2 0 1 .0 4 0 , 1 2 0 .6 7 0 . 1 1 1 .6 8 3 .9 8
MEAN 0 . 5 2 0 . 1 5 0 .8 7 0 .8 9 0 .2 1 o.,o 0 . 2 0 0 . 8 8 4 .4 0
Ü -  URINE 
F -  FAECES
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c a l c u l a t e d  from t h e  whole  body m e a su re m e n ts .  R e a s o n a b le  a g r e e ­
ment  be tw een  t h e  two m ethods  was o b t a i n e d ,  w i t h  t h e  e x c e p t i o n  o f  
one u n e x p l a i n e d  whole  body r e s u l t  f o r  c a s e  1 on day  3.
The p ro b e  and s u r f a c e  c o u n t i n g  r e s u l t s  a r e  shown i n  F i g u r e s  
2 and 3 r e s p e c t i v e l y .  The l i m i t e d  s e n s i t i v i t y  o f  t h e  p r o t o t y p e  
p r o b e  may a c c o u n t  f o r  some o f  t h e  r e s u l t s  w h ich  were  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  f rom b a c k g r o u n d .  However,  t h e  f i n d i n g s  
f o r  i n d i v i d u a l  p a t i e n t s  were  f a i r l y  c o n s t a n t .  The r e c t a l  p ro b e  
m ea su re m e n ts  showed a c o n s i s t e n t l y  h i g h e r  p r o s t a t i o  u p t a k e  o f  
z i n c  - 6 5  i n  c a s e s  2 and 5 ^ud c a s e  2 a l s o  gave t h e  h i g h e s t  
s u r f a c e  c o u n t i n g  r e s u l t s .  With  ]ong  te rm  f o l l o w - u p  o f  t h e  
p a t i e n t s ,  t h e  c l i n i c a l  s i g n i f i c a n c e  o f  t h e s e  f i n d i n g s  may become 
c l e a r .
The z i n c  -  65  l e v e l s  i n  r e d  c e l l s  and p la s m a ,  n o r m a l i s e d  
f o r  e a c h  I n d i v i d u a l  t o  t h e i r  i n i t i a l  whole  body c o u n t  a r e  shown 
i n  F i g u r e  4» The h i g h  s p e c i f i c  a c t i v i t y  (pG i  /  m l ) . o f  z i n c  -  65 
i n  t h e  r e d  c e l l s  c an  be s e e n .
DISCUSSION
The d i a g n o s i s  o f  p r o s t a t i c  c a rc in o m a  and t h e  d e t e r m i n a t i o n  
o f  t h e  c l i n i c a l  p r o g r e s s  o f  t h e  d i s e a s e  a r e  m a in ly  d e p e n d e n t  on 
r e c t a l  e x a m i n a t i o n ,  a t e c h n i q u e  t h a t  h a s  c e r t a i n  l i m i t a t i o n s .
The u se  o f  p r o s t a t i c  b i o p s y  by t h e  t r a n s r e c t a l  o r  t r a n s p e r i n e a l  
method has  t h e  l i m i t a t i o n  o f  p r o b a b l y  m i s s i n g  a s m a l l  f o c u s  o f
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FIG 4 Z IN C -65 IN RED CELLS AND PLASMA NORMALISED 





















Û  5 0Lu RED CELLSCASE 5
<  4 0
i





2 0 RED CELLS
PLASMA
IO 2 4
DAYS POST ADM INISTRATION
4 0
tum our  and t h e  p o s s i b l e  i n t r o d u c t i o n  o f  i n f e c t i o n  i n t o  an 
o t h e r w i s e  s t e r i l e  o r g a n .  I n  some c a s e s  o f  p r o s t a t i o  c a rc in o m a  
t h e r e  i s  an e l e v a t i o n  o f  t h e  serum p h o s p h a t a s e  ( N e s b i t  and 
Baum 1 9 5 1 » Morgan and M i l l s  I 9 6 8 ) ,  b u t  t h i s  r e l a t i v e l y  s im p le  
b i o c h e m i c a l  e s t i m a t i o n  d o e s  n o t  a f f o r d  a c o n s t a n t  method o f  
m o n i t o r i n g  t h e  c l i n i c a l  p r o g r e s s  o f  t h e  d i s e a s e .  S i m i l a r l y ,  
t h e r e  may be an i n c r e a s e  i n  u r i n a r y  enzyme o u t p u t  b u t  a g a i n  t h i s  
h a s  p ro v ed  u n r e l i a b l e  i n  s t u d i e s  o f  p r o s t a t i o  c a r c i n o m a ,  s i n c e  
o n l y  a b o u t  30^ o f  t h e  c a s e s  show an i n c r e a s e  i n  u r i n a r y  o u t p u t  
o f  a l k a l i n e  p h o s p h a t a s e  and o n l y  a b o u t  o f  t h e  o a s e s  an
e l e v a t i o n  i n  t h e  o u t p u t  o f  l a c t i c  a c i d  d e h y d r o g e n a s e  ( G a u l t  e t
a l .  1 9 6 7 ) .
Z inc  o f f e r s  a p o s s i b l e  a d d i t i o n a l  method o f  s t u d y i n g  
a d e n o c a r c in o m a  o f  t h e  p r o s t a t e  and th e  c l i n i c a l  e f f e c t i v e n e s s  
o f  t r e a t m e n t  b e c a u s e  o f  i t s  h i g h  s p e c i f i c  a f f i n i t y  f o r  p r o s t a t i o  
t i s s u e  (iCar and Chowdhury, I 9 6 6 ) and i t s  i n c l u s i o n  i n  th e  
r a e ta l lo en z y m e  c o m p le x e s .  The u p t a k e  o f  z i n c  by t h e  p r o s t a t e  
i s  hormone d e p e n d e n t  (Gunn and Gould 1958 ,  McKenzie e t  a l .  1983 ,  
Kar  and Chowdhury I 9 8 6 ) and a s t u d y  o f  t h e  z i n c  m e t a b o l i s m  
would  e n a b l e  t h e  r e s p o n s e  o f  d i f f e r e n t  tu m o urs  t o  d i f f e r e n t  
o e s t r o g e n s  t o  be  d e t e r m i n e d .  T h is  l e n d s  a f u r t h e r  a t t r a c t i o n  
to  t h e  use  o f  z i n c  i n  s t u d y i n g  p r o s t a t i o  c a r c i n o m a .
Z inc  i s  n o t  u n i f o r m l y  d i s t r i b u t e d  t h r o u g h o u t  t h e  p r o s t a t e  
g l a n d ,  th e  d o r s o l a t e r a l  zone  o f  t h e  r a t  p r o s t a t e  b e i n g  th e  a r e a
4 1
o f  g r e a t e s t  z i n c  c o n c e n t r a t i o n  ( Gunn e t  a l , , 1955)* Gyorkey 
e t  a l ,  ( 1967 ) r e p o r t e d  t h a t  i n  th e  no rm al  human p r o s t a t e  z i n c  
i s  s i m i l a r l y  d i s t r i b u t e d ,  t h e  d o r s a l  and more so t h e  l a t e r a l  
z o n e s  h a v in g  a h i g h e r  z i n c  l e v e l  t h a n  t h e  o t h e r  a r e a s  o f  th e  
g l a n d .  These a u t h o r s  (G y o rk ey  e t  a l , , 1 9 6 7 )  have a l s o  shown 
t h a t ,  i n  t h e  c a r c i n o m a t o u s  g l a n d ,  t h e r e  may be up t o  a 78^  
d e c r e a s e  i n  t h e  z i n c  c o n c e n t r a t i o n  i n  t h e  d o r s o l a t e r a l  zone 
and a 50^ d e c r e a s e  i n  t h e  i n n e r  o r  a n t e r i o r  z o n e .  The d o r s o ­
l a t e r a l  zone o f  t h e  p r o s t a t e ,  t h e  a r e a  where  a n e o p la sm  o f t e n  
a r i s e s ,  i s  t h e  m os t  a c c e s s i b l e  f o r  r e c t a l  c o u n t i n g  and w i l l  a l s o  
be t h e  a r e a  o f  maximum ch ange  i n  z i n c  c o n c e n t r a t i o n .
The p r e s e n t  p r e l i m i n a r y  s t u d y  showed t h a t  t h e  o v e r a l l  
i n v e s t i g a t o r y  p r o c e d u r e s  w ere  s a t i s f a c t o r y  and where  m o d i f i c a ­
t i o n s  and im p ro v em en ts  c o u ld  be made, S p e n c e r  e t  a l .  ( 1 96 6 ) 
have  shown t h a t  a t  l e a s t  17 d a y s  i s  r e q u i r e d  f o r  p e a k  z i n c  up ­
t a k e  by th e  p r o s t a t e  and i t  was a n t i c i p a t e d  t h a t  t h e  d u r a t i o n  
o f  t h e  p r e s e n t  s t u d y  would be i n a d e q u a t e .  The l o s s  o f  z i n c  -
65 was m easu red  f o r  t h e  f i r s t  4 d ay s  o f  t h e  s t u d y  by b o t h  th e  
whole  body m o n i t o r  and by t h e  a s s a y  o f  u r i n e  and f a e c a l  
c o l l e c t i o n s .  The l o s s  was shown to  be s m a l l  (mean o f  4*4%) 
and p r i m a r i l y  i n  t h e  f a e c e s .  C o l l e c t i o n  and a s s a y  o f  e x c r e t a  
o v e r  a l o n g e r  p e r i o d  would be  i m p r a c t i c a b l e  and p r o b a b l y  
i n a c c u r a t e ,  and s i n c e  t h e  e x c r e t a  r e s u l t s  e s s e n t i a l l y  su b ­
s t a n t i a t e  t h e  f i n d i n g s  w i t h  t h e  whole  body m o n i t o r ,  c o l l e c t i o n s
4 2
w i l l  n o t  be made i n  f u t u r e  s t u d i e s .  The p e r f o r m a n c e  o f  th e  
m o n i t o r  was c o n s i d e r e d  s a t i s f a c t o r y  w i t h  r e s p e c t  t o  v a r i a t i o n s  
i n  t h e  o o u n t i n g - r a t e s  and p r e c i s i o n .  The maximum v a r i a t i o n  
up t o  12 h o u r s  p o s t  a d m i n i s t r a t i o n  was l e s s  t h a n  2% and up to  
24 h o u r s  was l e s s  t h a n  4%* Only one r e s u l t ,  u n a c c o u n t a b l y , 
was s u b s e q u e n t l y  o u t s i d e  t h e s e  l i m i t s .  The whole  body m e a s u r e ­
m en ts  a l s o  p r o v e d  o f  v a l u e  b e c a u s e  o f  d i f f i c u l t i e s  i n  d i s p e n s i n g  
t h e  z i n c  -  65* The s o l u t i o n  was a c c u r a t e l y  d i s p e n s e d  by vo lu m e ,  
b u t  f o r  r e a s o n s  s t i l l  b e i n g  i n v e s t i g a t e d  t h e  amount o f  s o l u t i o n  
a d m i n i s t e r e d  was v a r i a b l e .  I n  f u r t h e r  s t u d i e s  t h e  s y r i n g e s  
w i l l  be m o n i t o r e d  b e f o r e  and a f t e r  a d m i n i s t r a t i o n .
The s i z e  o f  t h e  d e t e c t o r ,  1 , 0  cm i n  d i a m e t e r  by 1 ,0  cm i n  
l e n g t h ,  u s e d  i n  t h e  r e c t a l  p r o b e  was i n c o n v e n i e n t l y  l a r g e .  To 
p e r m i t  a c c u r a t e  l o c a t i o n  o f  t h e  p rob e  a g a i n s t  e a c h  l o b e  o f  th e  
p r o s t a t e ,  t h e  p e r f o r m a n c e  o f  a  s m a l l e r  d e t e c t o r  i s  b e i n g  i n ­
v e s t i g a t e d ,  F u r t h e r  d e v e lo p m e n t  i s  e x p e c t e d  t o  r e d u c e  th e  
v a r i a t i o n  i n  s e n s i t i v i t y  w h ic h  was t r o u b le s o m e  w i t h  t h e  p r o t o ­
ty p e  p ro be  and r e s u l t e d  i n  a  number o f  r e a d i n g s  n o t  s i g n i f i ­
c a n t l y  d i f f e r e n t  from b a c k g ro u n d  o o u n t i n g - r a t e s .
The p r i n c i p a l  d i f f i c u l t y  i n  s u r f a c e  c o u n t i n g  a r o s e  from 
t h e  c o m p a r a t i v e l y  l a r g e  u p t a k e  o f  z in c  -  65 by t h e  l i v e r  r e s u l t i n g  
i n  a s i g n i f i c a n t  c o n t r i b u t i o n  to  th e  c o u n t i n g - r a t e  o v e r  t h e  
p r o s t a t e .  More s o p h i s t i c a t e d  c o l l i m a t i o n  i s  e x p e c t e d  to  
r e d u c e  t h i s  p ro b le m .
43
The p o s s i b l e  u se  o f  z i n c  -  65 and z i n c  -  69m i n  s c i n t i ­
s c a n n i n g  o f  t h e  p r o s t a t e  h a s  b e e n  i n v e s t i g a t e d  ( J o h n s t o n  e t  
a l ,  1 9 6 8 ) and r e a s o n a b l e  s c a n s  have been  o b t a i n e d ,  V e r i l l y  
e t  a l ,  ( 1 96 2 ) had d i f f i c u l t y  i n  o b t a i n i n g  s c a n s  o f  p r o s t a t i c  
t i s s u e  b u t  t h e s e  a u t h o r s  d i d  s u g g e s t  t h a t  b e t t e r  s c a n s  would 
be o b t a i n e d  i f  t h e i r  c o l l i m a t i o n  c o u ld  be  im p ro v e d .  I t  i s  
i n t e n d e d  i n  f u t u r e  s t u d i e s  t o  u s e  s c i n t i g r a p h y  w h ic h  s h o u ld  
p r o v i d e  a d d i t i o n a l  i n f o r m a t i o n ,  p o s s i b l y  i n d i c a t i n g  t h e  s i z e  
and p o s i t i o n  o f  l e s i o n s .
The p r e s e n t  f i n d i n g s  s u g g e s t  t h a t  t h e  m ethods d e s c r i b e d ,  
w i t h  t h e  im provem en ts  o u t l i n e d ,  w i l l  be u s e f u l  i n  f o l l o w i n g  
t h e  c l i n i c a l . p r o g r e s s  o f  p r o s t a t i o  c a rc in o m a  and i t s  r e s p o n s e  
t o  hormone t h e r a p y ,
SUMMARY
The human p r o s t a t e  g l a n d  c o n t a i n s  a r e m a r k a b l y  h i g h  con­
c e n t r a t i o n  o f  z i n c  w h ic h ,  when a c a r c i n o m a t o u s  change  o c c u r s  
i n  t h e  g l a n d ,  becomes c o n s i d e r a b l y  d i m i n i s h e d .  I t  i s  s u g g e s t e d  
t h a t  a s t u d y  o f  t h e  whole  body  m e ta b o l i s m  and t h e  l o c a l  p r o s t a t i o  
u p t a k e  o f  z i n c  -  65 may p r o v i d e  t h e  b a s i s  o f  a  method f o r  
m e a s u r i n g  t h e  r e s p o n s e  o f  p r o s t a t i c  c a r c in o m a  t o  t h e r a p y .  
P r e l i m i n a r y  i n v e s t i g a t i o n s  have  b een  c a r r i e d  o u t  on 5. p a t i e n t s  
w i t h  a d e n o c a r c in o m a  o f  t h e  p r o s t a t e  and on 1 c o n t r o l  s u b j e c t  
t o  d e t e r m i n e  t h e  p r a c t i c a b i l i t y  o f  t h e  p r o c e d u r e s  and where
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m o d i f i c a t i o n s  and im p ro v em en ts  c o u ld  be made
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CHAPTER VII  
anaemia  IH CHRORIO RENAL FAILURE
INTRODUCTION
The o c o u ra n c e  o f  anaem ia  i n  p a t i e n t s  w i t h  c h r o n i c  r e n a l  
f a i l u r e  and i n  p a t i e n t s  u n d e r g o i n g  r e g u l a r  d i a l y s i s  t r e a t m e n t  i s  
w e l l  e s t a b l i s h e d  and i n  b o t h  t h e s e  g ro u p s  t h e  m e ta b o l i s m  o f  i r o n  
i s  known to  be a b n o rm a l .  M a l a b s o r p t i o n . o f  i r o n ,  i m p a i r e d  
e r y t h r o p o i e s i s , e x c e s s i v e  i r o n  l o s s e s  due t o  t h e  l o s s  o f  b lo o d  
o r  i n c r e a s e d  u r i n a r y  e x c r e t i o n  o f  i r o n  a r e  p o s s i b l e  c a u s e s  o f  
t h i s .  Kay (1 9 58 )  and  Loge eb a l .  (1955)  have  shown t h e  r a t e  o f  
o r y t h r o p o i e s i s  t o  be  d e p r e s s e d  i n  p a t i e n t s  w i t h  c h r o n i c  r e n a l  
f a i l u r e ,  r e s u l t i n g  i n  a d e c r e a s e d  r e d  c e l l  i n c o r p o r a t i o n  o f  i r o n  
(Ragan e t  a l . , 1 9 6 0 ) .  These f a c t o r s  have  b e e n  f u r t h e r  i n v e s t i g a t e d  
i n  a  c o m p r e h e n s iv e  s t u d y  w i t h  p a r t i c u l a r  r e f e r e n c e  t o  t h e  o r a l  
a b s o r p t i o n  o f  i r o n  and to  t h e  i r o n  t u r n o v e r  r a t e s  (Boddy e t  a l , ,  
1970  a ) .  These two p a r a m e t e r s  have  n o t  p r e v i o u s l y  b e e n  w e l l  
e s t a b l i s h e d .  The r e s u l t s  f o r  p a t i e n t s  w i t h  c h r o n i c  r e n a l  f a i l u r e  
n o t  on d i a l y s i s  t h e r a p y  a r e  g i v e n  i n  SECTION I  and f o r  p a t i e n t s  
w i t h  c h r o n i c  r e n a l  f a i l u r e  on r e g u l a r  d i a l y s i s  t h e r a p y  i n  SECTION 
I I *
The anaem ia  o f  c h r o n i c  r e n a l  f a i l u r e  i s  n o t  c o r r e c t e d  by 
r e g u l a r  d i a l y s i s  t r e a t m e n t  and u n t i l  r e c e n t l y ,  i t  was t h o u g h t
4 6
t h a t  r e p e a t e d  b lo o d  t r a n s f u s i o n s  s h o u ld  be  g i v e n  to  m a i n t a i n  
h a e m o g lo b in  l e v e l s  ( E s c h b a c h  e t  a l . ,  I 9 6 7 ) .  S e v e r a l  w o r k e r s  
have  now r e p o r t e d  t h a t  p a t i e n t s  on r e g u l a r  d i a l y s i s  t h e r a p y  
have  b e e n  m a i n t a i n e d  f o r  lo n g  p e r i o d s  w i t h o u t  b lo o d  t r a n s f u s i o n  
(comty e t  a l .  I 9 6 6 , C r o c k e t t  e t  a l ,  1 96 7 , V e r r o u s t  e t  a l ,  I 9 6 7 ) ,  
A p a r t  from t h e  c o n s e q u e n t  r e d u c t i o n . i n  t h e  c o s t  o f  t r e a t m e n t ,  
t h i s  would  a l s o  l e s s e n  th e  r i s k  o f  serum h e p a t i t i s  i n  p a t i e n t s  
and s t a f f .  I f  r o u t i n e  b lo o d  t r a n s f u s i o n  i s  to  be a v o i d e d ,  th e  
m a jo r  s o u r c e s  o f  b l o o d  l o s s  m ust  be found  and m in im is e d .  Blood 
removed f o r  r o u t i n e  h a e m a t o l o g i c a l  i n v e s t i g a t i o n s ,  w h ich  can  
e a s i l y  be  m in i m i s e d ,  and b lo o d  l e f t  i n  t h e  a r t i f i c i a l  k i d n e y  
a f t e r  d i a l y s i s  a r e  t h e  two m ain  s o u r c e s  o f  l o s s .  E v id e n c e  i s  
now a c c u m u l a t i n g  to  s u g g e s t  t h a t  p a t i e n t s  on r e g u l a r  d i a l y s i s  
t r e a t m e n t  may become i r o n  d e f i c i e n t  ( S h a l d o n  I 9 6 6 ) and t h a t  t h i s  
may be due  to  b lo o d  l o s s e s  o c c u r i n g  m a in ly  i n  t h e  a r t i f i c i a l  
k i d n e y  (Lawson e t  a l . , 1 9 6 8 ) .  The s t u d y  d e s c r i b e d  h e r e  i n c l u d e s  
an e x t e n s i v e  i n v e s t i g a t i o n  o f  t h e  b lo o d  l o s s e s  i n  a K o l f f  t w i n -  
o o i l  a r t i f i c i a l  k i d n e y  t o  e n a b l e  t h e  optimum o p e r a t i n g  p r o c e d u r e s  
f o r  m in im a!  l o s s e s  t o  be  d e t e r m i n e d  ( W i l l  e t  a l , , 1 9 7 0 ) .  The 
e f f e c t  o f  v a r y i n g  c o i l  p r e s s u r e ,  c o i l  p o s i t i o n  and th e  volume and 
c o m p o s i t i o n  o f  t h e  w a s h - b a c k  f l u i d  on c o i l  b l o o d  l o s s  have  be en  
e x am in ed .  The r e s u l t s  a r e  g i v e n  i n  SECTION I I *
47
SECTION I
IRON METABOLISM IN PATIENTS WITH CHRONIC RENAL 
FAILURE NOT RECEIVING DIALYSIS THERAPY
MATERIALS AND METHODS
N i n e t e e n  p a t i e n t s ,  11 f e m a l e s  and 8 m a l e s ,  w i t h  c h r o n i c  
r e n a l  f a i l u r e  o f  2 t o  4 y e a r s '  d u r a t i o n  w ere  i n c l u d e d  i n  th e  
s t u d y .  Two p a t i e n t s  were  s u f f e r i n g  from p o l y c y s t i c  d i s e a s e ,  
t h e  r e m a i n d e r  h a v i n g  e n d - s t a g e  r e n a l  f a i l u r e .  No p a t i e n t  had 
a c t i v e  i n f e c t i o n  a t  t h e  t im e  o f  t h e  s t u d y  and e i g h t e e n  were  
t a k i n g  a m o d i f i e d  G i o v a n n e t t i  d i e t  (Shaw e t  a l . ,  I 9 6 5 ) .  A l l  
p a t i e n t s  had c r e a t i n i n e  c l e a r a n c e s  o f  10 ml p e r  m inu te  o r  l e s s ,  
and d u r i n g  th e  c o u r s e  o f  t h e  s t u d y  were i n  a s t e a d y  s t a t e  w i t h  
r e s p e c t  to  r e n a l  f u n c t i o n .
Twelve o f  t h e  p a t i e n t s  f a s t e d  o v e r n i g h t  and a f t e r  b a ck g ro u n d  
r a d i o a c t i v i t y  m e a s u r e m e n t s ,  w ere  g i v e n  o r a l  d o s e s  o f  5 f e r r i c  
i r o n  l a b e l l e d  w i t h  1 , 0  yuCi i r o n - 5 9 »  made up t o  a t o t a l  volume 
o f  150  ml w i t h  w a t e r .  A f t e r  t a k i n g  th e  d o s e ,  t h e  s u b j e c t s  
f a s t e d  f o r  a f u r t h e r  h o u r .  M easu rem en ts  o f  t h e  whole  body 
i r o n - 5 9  r a d i o a c t i v i t y  were  made a t  1 h o u r  and 20 d ays  a f t e r  
a d m i n i s t r a t i o n ,  t h e  p e r c e n t a g e  a b s o r p t i o n  o f  i r o n  b e i n g  c a l c u l a t e d  
a f t e r  a p p r o p r i a t e  c o r r e c t i o n s  f o r  p a t i e n t  b a c k g ro u n d  and r a d i o ­
a c t i v e  d e c a y .
F o l l o w i n g  b a c k g r o u n d  r a d i o a c t i v i t y  m e a s u r e m e n ts ,  10 p a t i e n t s
4 8
were  g i v e n  an  i n t r a v e n o u s  d o se  o f  1*0 p C i  i r o n - 5 9 *  The 100% 
r e t e n t i o n  was m ea su re d  on t h e  day  o f  a d m i n i s t r a t i o n  and t h e n  
s e q u e n t i a l l y  up to  308 d a y s .  E x p o n e n t i a l  e x c r e t i o n  r a t e s  were 
c a l c u l a t e d  by f i t t i n g  r e g r e s s i o n  l i n e s  u s i n g  t h e  method o f  
l e a s t  s q u a r e s .  The p e r c e n t a g e  i n c o r p o r a t i o n  o f  i r o n - 5 9  was 
e s t i m a t e d  from b lo o d  sa m p le s  drawn 10 d ays  a f t e r  a d m i n i s t r a t i o n ,
RESULTS
The o r a l  i r o n  a b s o r p t i o n  r e s u l t s  t o g e t h e r  w i t h  th e  p a t i e n t s  
c l i n i c a l  d a t a  can  be s e e n  i n  T a b le  1, I n  a l l  o a s e s  t h e  Coomb's 
t e s t  was n e g a t i v e ,  t h e  serum b i l i r u b i n  l e v e l s  were  no rm al  and 
i n  no p a t i e n t  was t h e  a v e r a g e  r e t i c u l o c y t e  c o u n t  g r e a t e r  t h a n  4%* 
The mean i r o n  a b s o r p t i o n  and s t a n d a r d  e r r o r  was 3*47 ^ 0*90%* 
There  was no s i g n i f i c a n t  d i f f e r e n c e  ( p > 0 , 5 )  b e tw e e n  t h e  v a l u e  
f o r  m a les  o n l y ,  2*45 ^ 1 . 25%, and f o r  f e m a le s  o n l y ,  3*95 ^ 1.21%. 
I n  c o n t r o l  s u b j e c t s  ( W i l l  and Boddy, 1 9 6 7 ) ,  t h e  mean i r o n  
a b s o r p t i o n  and s t a n d a r d  e r r o r  i n  a l l  s u b j e c t s  was 1 0 .0 0  ^  0.85%, 
9 .5 8  ^  0 . 91% i n  m a le s  o n ly  and 1 1 .4 0  t  2,19% i n  f e m a le s  o n l y .
The d i f f e r e n c e  b e tw e e n  t h e  mean i r o n  a b s o r p t i o n  i n  p a t i e n t s  w i t h  
c h r o n i c  r e n a l  f a i l u r e  and i n  no rm al  c o n t r o l s  was found  t o  be  
h i g h l y  s i g n i f i c a n t  ( P <  0 * 0 0 1 ) .
The c l i n i c a l  d a t a ,  t h e  e x c r e t i o n  r a t e s  and r e d  c e l l  i n ­
c o r p o r a t i o n  o f  i r o n - 5 9  f o r  th e  p a t i e n t s  g i v e n  i n t r a v e n o u s  i r o n  
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t h e  s t a n d a r d  e r r o r  was 0 .1 8  ^  0 . 04^  p e r  d a y ,  t h e  i n d i v i d u a l  
v a l u e s  r a n g i n g  from 0 . 0 7  t o  0 , 4 0 ^  p e r  d a y .  The e x c r e t i o n  r a t e s  
i n  c o n t r o l  s u b j e c t s  r a n g e d  from 0 , 0 4  to  0.26^o p e r  day  w i t h  a mean 
and s t a n d a r d  e r r o r  o f  0 .1 5  ^ 0 , 0 4 $  p e r  day  ( W i l l  and Boddy,  I 9 6 7 ). 
The two mean e x c r e t i o n  r a t e s  w ere  n o t  s i g n i f i c a n t l y  d i f f e r e n t  
(p > 0 .0 5 ) *  The p e r c e n t a g e  r e d  c e l l  i r o n  i n c o r p o r a t i o n  r a n g e d  
from 17 to  88$ w i t h  a mean and s t a n d a r d  e r r o r  o f  45*1 “ 6 . 0 $  , 
w h e r e a s , i n  c o n t r o l  s u b j e c t s  i t  r a n g e d  from 73 t o  90$ w i t h  a mean 
and s t a n d a r d  e r r o r  o f  8 1 . 0  -  1 .4$*  P a t i e n t s  w i t h  c h r o n i c  r e n a l  
f a i l u r e  showed a s i g n i f i c a n t l y  l o w e r  r e d  c e l l  i n c o r p o r a t i o n  o f  
i r o n - 5 9  ( P < 0 . 0 2 ) ,
DISCUSSION
A l t h o u g h  6 o f  t h e  I 9 p a t i e n t s  were s e v e r e l y  anaem ic  w i t h  
h a e m o g lo b in  l e v e l s  o f  l e s s  t h a n  8g p e r  100ml o f  b lo o d  and a 
f u r t h e r  7 were  m o d e r a t e l y  anaem ic  a s  ju d ged  by g e n e r a l l y  a c c e p t e d  
norm al  h a e m a t o l o g i c a l  v a l u e s  ( D a c i e  and L e w is ,  I 9 6 8 ) ,  t h e  i r o n - 5 9  
a b s o r p t i o n  s t u d y  showed a d i m i n i s h e d  o r a l  i r o n  u p t a k e  i n  t h e s e  
p a t i e n t s .  ‘ E i g h t e e n  o f  them were  t a k i n g  a m o d i f i e d  G i o v a n n e t t i  
d i e t  w h ic h  i s  known t o  have  an  i r o n  c o n t e n t  o f  8 t o  12 mg p e r  
day  ( Shaw e t  a l . , I 9 6 5 ) compared v/itl i  t h e  n o rm a l  d i e t a r y  i r o n  
c o n t e n t  o f  12 t o  15 nig p e r  day  ( p r i c e ,  1 9 6 3 ) .  The d i m i n i s h e d  
a b s o r p t i o n  o f  o r a l  i r o n  c o u p le d  w i t h  p r o l o n g e d  m a r g i n a l l y  sub ­
n orm al  d i e t a r y  i n t a k e  o f  i r o n  v/ould seem t o  s u g g e s t  t h a t  i r o n
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d e f i c i e n c y  m ig h t  he  t h e  c a u s e  o f  t h e  a n a e m i a .  A n o th e r  
p o s s i b l e  way i n  w h ich  i r o n  d e f i c i e n c y  c o u ld  d e v e l o p  i n  t h e s e  
p a t i e n t s  was shov/n by C a r t w r i g h t  e t  a l ,  ( l 9 5 4 )  a^id Dagg e t  a l .
( 1 966 ) who fo u nd  e x c e s s i v e  u r i n a r y  i r o n  l o s s e s  i n  a s s o c i a t i o n  
w i t h  p r o t e i n u r i a .  The serum i r o n  v a l u e s  seem a l s o  to  s u p p o r t  
t h e  s u g g e s t i o n  o f  i r o n  d e f i c i e n c y ,  12 o f  t h e  16 c a s e s  exam ined  
h a v in g  serum i r o n  l e v e l s  belov/ 80 ja g  p e r  100 ml and 7 h a v i n g  
t r a n s f e r r i n  s a t u r a t i o n  v a l u e s  o f  l e s s  t h a n  20$.
However ,  t h e r e  i s  e v i d e n c e  c o n t r a - i n d i c a t i n g  i r o n  d e f i c i e n c y  
as  t h e  c a u s e  o f  t h e  anaemia* The serum i r o n  l e v e l  and t h e  
p e r c e n t a g e  t r a n s f e r r i n  s a t u r a t i o n  were shown by V /e in fe ld  ( 1 96 5 ) 
t o  be u n r e l i a b l e  i n d i c a t o r s  o f  t h e  body i r o n  c o n t e n t  i n  p a t i e n t s  
who a r e  s u f f e r i n g  f rom  c o n d i t i o n s  o t h e r  t h a n  i r o n  d e f i c i e n c y .
T h is  was a l s o  shown by C u r t i s  e t  a l ,  ( 1 9 6 9 ) on a g ro up  o f  p a t i e n t s  
w i t h  c h r o n i c  r e n a l  f a i l u r e  on r e g u l a r  d i a l y s i s  t h e r a p y ,  p a r t i c u l a r ­
l y  when t h e  serum i r o n  was be low  100 ja g  p e r  100 ml.  E i g h t  o f  
t h e  10 p a t i e n t s  i n v e s t i g a t e d  had a norm al  i r o n  e x c r e t i o n  r a t e  
showing t h e  u r i n a r y  i r o n  l o s s  i n  a s s o c i a t i o n  w i t h  p r o t e i n u r i a  was 
n o t  a b n o rm a l .  The 2 p a t i e n t s  i n  whom t h e  i r o n  e x c r e t i o n  r a t e  
was g r e a t e r  t h a n  n o rm al  had o b v io u s  e x t r a - r e n a l  s o u r c e s  o f  b lo o d  
l o s s .  However, none o f  t h e  p a t i e n t s  had a d a i l y  p r o t e i n  l o s s  
i n  e x c e s s  o f  O. 5  g w h ich  i s  a p p a r e n t l y  much l e s s  t h a n  t h e  p r o t e i n  
l o s s  o f  6 g d a i l y  o r  m o r e , a t  w h ic h  l e v e l  p r o t e i n u r i a  m ig h t  be a 
S ource  o f  body i r o n  l o s s .  F u r t h e r  e v id e n c e  a g a i n s t  i r o n
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d e f i c i e n c y  b e i n g  t h e  c a u s e  o f  t h e  anaemia  was t h e  norm al  mean 
c o r p u s c u l a r  h a e m o g lo b in  c o n t e n t  which  was fo un d  i n  a l l  p a t i e n t s .  
None o f  t h e  p e r i p h e r a l  b lo o d  f i l m s  showed e v i d e n c e  o f  hypochrorn ia  
o r  m i c r o c y t o s i s .  I t  seems u n l i k e l y  t h e r e f o r e ,  t h a t  t h e  anaem ia  
which  i s  b o t h  normochromic  and n o rm o c y t io  i s  c a u s e d  by  i r o n  
d e f i c i e n c y .
Normal s u b j e c t s  on a  r e s t r i c t e d  d i e t a r y  i r o n  i n t a k e  show 
an i n c r e a s e  i n  t h e  p e r c e n t a g e  o f  i r o n  a b s o r b e d  ( P o l l a c k  e t  a l , ,  
1 9 64 )* The p a t i e n t s  w i t h  c h r o n i c  r e n a l  f a i l u r e  however  showed 
a d e c r e a s e  i n  i r o n  a b s o r p t i o n .  As m en t io n e d  e a r l i e r ,  t h e s e  
p a t i e n t s  a r e  known t o  have  a  d e p r e s s e d  e r y t h r o p o i e t i c  r a t e  w h ich  
p r e s e n t e d  i n  a d e c r e a s e d  r e d  c e l l  i n c o r p o r a t i o n  o f  i r o n .  The 
d i m i n i s h e d  a b s o r p t i o n  o f  o r a l  i r o n  c o u ld  r e s u l t  from th e  
d e p r e s s i o n  o f  e r y t h r o p o i e s i s  s i n c e  t h i s  i s  a f a c t o r  w h ich  i n ­
f l u e n c e s  t h e  a b s o r p t i o n  o f  i r o n  (B o th v /e l l  e t  a l ,  1958,  Crosby  
1 9 6 3 , P r i c e  1 9 6 3 , Wbeby I 9 6 6 ) .  There  was no c l i n i c a l  e v id e n c e  
o f  i n c r e a s e d  h a e m o l y s i s  and a l l  p a t i e n t s  had norm al  serum b i l i ­
r u b i n  l e v e l s ,  n e g a t i v e  d i r e c t  Coomb’ s t e s t  and a norm al  
r e t i c u l o c y t e  c o u n t .
A l t h o u g h  t h e  a b s o r p t i o n  o f  i r o n  i s  d e c r e a s e d  i n  p a t i e n t s  
w i t h  c h r o n i c  r e n a l  im p a i rm e n t  and f o r  p r o l o n g e d  p e r i o d s  t h e i r  
d i e t a r y  i r o n  i n t a k e  i s  s u b - o p t i m a l ,  t h e r e  i s  no e v i d e n c e  to  
s u g g e s t  t h a t  i r o n  d e f i c i e n c y  p l a y s  a s i g n i f i c a n t  p a r t  i n  t h e  
a e t i o l o g y  o f  t h e  a n a e m ia .
5 2
SECTION I I
IRON METABOLISM IN PATIENTS WITH CHRONIC
RENAL FAILURE ON REGULAR DIALYSIS THERAPY
MATERIALS AND METHODS
The a b s o r p t i o n  o f  o r a l  i r o n  and t h e  i r o n  t u r n o v e r  r a t e s  
were i n v e s t i g a t e d  i n  11 p a t i e n t s  w i t h  c h r o n i c  r e n a l  f a i l u r e ,  who 
were  r e c e i v i n g  r e g u l a r  d i a l y s i s  t h e r a p y  u s i n g  a K o l f f  t w i n - c o i l  
d i a l y s e r .  A l l  p a t i e n t s  had s e v e r e  c h r o n i c  r e n a l  f a i l u r e  
s e c o n d a r y  t o  e i t h e r  c h r o n i c  g l o m e r u l o n e p h r i t i s , c h r o n i c  p y e l o ­
n e p h r i t i s  o r  p o l y c y s t i c  d i s e a s e  o f  th e  k i d n e y s .  A l l  had 
c r e a t i n i n e  c l e a r a n c e  l e v e l s  o f  4 ml p e r  m in u te  o r  l e s s  and were 
b e i n g  m a i n t a i n e d  on 10 h o u r  d i a l y s e s  tw i c e  o r  t h r i c e  w e ek ly  , 
u s i n g  b o t h  G h r o n - a ~ c o i l s  and U l t r a - f l o  100 c o i l s  ( B a x t e r - -  
T r a v e n o l ) .  No p a t i e n t  r e c e i v e d  o r a l  i r o n  s u p p le m e n t  d u r i n g  
th e  t im e  o f  t h e  s t u d y .  The o r a l  a b s o r p t i o n  o f  5 mg o f  f e r r i c  
i r o n  l a b e l l e d  w i t h  1 . 0  juCi i r o n - 5 9  was m ea su re d  i n  5 p a t i e n t s  
u s i n g  t h e  method d e s c r i b e d  i n  S e c t i o n  I .  F o l l o w i n g  b a c k ­
ground  r a d i o a c t i v i t y  m e a s u r e m e n ts ,  8 o f  t h e  p a t i e n t s  were  g i v e n
1 . 0  yuCi i r o n - 5 9  i n t r a v e n o u s l y . The 100$ r e t e n t i o n  was m easu red  
on th e  day  o f  a d m i n i s t r a t i o n  and t h e n ,  i n  6 o f  t h e  s u b j e c t s ,  
s e q u e n t i a l l y  up t o  260 d a y s  p o s t - a d m i n i s t r a t i o n .  The e x c r e t i o n  
r a t e s  w ere  c a l c u l a t e d  a s  i n  S e c t i o n  I ,  B lood  sam p le s  were  
w i th d ra w n  f rom  th e  8 s u b j e c t s  10 d ays  a f t e r  a d m i n i s t r a t i o n  and
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t h e  p e r c e n t a g e  i n c o r p o r a t i o n  o f  i r o n - 5 9  i n t o  t h e  r e d  b lo o d  c e l l s  
e s t i m a t e d .
The amount o f  b l o o d  l e f t  i n  th e  a r t i f i c i a l  k i d n e y  a f t e r  
d i a l y s i s  h a s  been  m ea su re d  u s i n g  b o t h  C h r o n - a - c o i l s  and U l t r a - f l o  
100 c o i l s *  Blood l o s s  i n  t h e  c o i l s  a f t e r  w a s h - b a c k  were  
m easu red  by one o f  t h r e e  m e t h o d s : -
1 .  The c o i l s  were  i m m e d ia t e l y  washed o u t  w i t h  1 l i t r e  o f  
no rm al  s a l i n e  and t h e  w a s h in g s  t h o r o u g h l y  m ix e d .  The haemo­
g l o b i n  and th e  packed  c e l l  volume o f  t h i s  f l u i d  was t h e n  d e t e r ­
mined u s i n g  th e  C y a n -m e th a em o g lo b in  method and a n i i c r o h a e m a t o c r i t .  
Knowing t h e , h a e m o g l o b i n  and t h e  packed  c e l l  volume o f  t h e  p a t i e n t ’ s 
b l o o d ,  t h e  volume o f  t h e  b lo o d  l o s t  i n  t h e  c o i l  c o u ld  t h e n  be 
c a l c u l a t e d .
2* A sam ple  o f  20 ml o f  p a t i e n t ’ s b l o o d  was removed and t h e
r e d  c e l l s  l a b e l l e d  w i t h  r a d io - c h ro m iu m  ( M o l l i n s o n ,  I 9 6 7 ) .  T h is  
was t h e n  r e - i n j e c t e d  i n t o  t h e  p a t i e n t  and t im e  a l l o w e d  f o r  
e q u i l i b r a t i o n  to  t a k e  p l a c e .  The c o i l s  f rom  s u b s e q u e n t  d i a l y s e s  
were  s e a l e d  i n  p o l y t h e n e  b ags  and r e p l a c e d  i n  t h e i r  c a r d b o a r d  
c o n t a i n e r s  b e f o r e  c o u n t i n g  i n  t h e  v/hole body m o n i t o r  i n  a s t a n d a r d  
g e o m e try  w i t h  r e s p e c t  t o  t h e  d e t e c t o r .  S i x  m ea su rem en ts  were 
made on e a c h  c o i l ,  e a c h  f a c e  o f  t h e  c o n t a i n e r  b e i n g  c o u n te d  once 
and t h e  mean r e s u l t  t a k e n  a s  t h e  f i n a l  f i g u r e ,  A s t a n d a r d  was 
made by f i l l i n g  a c o i l  i d e n t i c a l  t o  th e  t e s t  one w i t h  a s o l u t i o n  
c o n t a i n i n g  a known volume o f  p a t i e n t ’ s b l o o d  w i th d ra w n  a t  th e
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b e g i n n i n g  o f  t h e  t e s t  d i a l y s i s .  The s t a n d a r d  and t e s t  c o i l s  
were c o u n te d  i n  t h e  same g e o m e t r y .  Knowing t h e  amount o f  b lo o d  
i n  th e  s t a n d a r d  c o i l ,  t h e  r e s i d u a l  b lo o d  volume i n  t h e  t e s t  c o i l
c o u ld  be  c a l c u l a t e d .  |
i
3e p a t i e n t s  w ere  g i v e n  an  i n t r a v e n o u s  d o s e  o f  1 , 0  p .0±  
i r o n - 5 9  &i^d t im e  a l l o w e d  f o r  t h e  i n c o r p o r a t i o n  o f  th e  l a b e l l e d  
i r o n  i n t o  t h e  r e d  b l o o d  c e l l s .  C o i l s  f rom s u b s e q u e n t  d i a l y s e s  
were  c o u n te d  i n  t h e  whole  body m o n i t o r  i n  a s t a n d a r d  g e o m e t r y .
The c o i l s  were  t h e n  washed o u t  w i t h  norm al  s a l i n e  and r e c o u n t e d .  
The w a s h in g s  were  made up t o  a s t a n d a r d  volume o f  3 0 0  ml and 
c o u n te d ,  A known volume o f  t h e  p a t i e n t ’ s b l o o d ,  w i th d r a w n  a t  
t h e  b e g i n n i n g  o f  t h e  t e s t  d i a l y s i s ,  was d i l u t e d  to  5^0 ml w i t h  
norm al  s a l i n e  and c o u n te d  i n  t h e  same g e o m e t ry  a s  t h e  w a s h i n g s .  
T h is  made i t  p o s s i b l e  t o  m easu re  a c c u r a t e l y  t h e  amount o f  b lo o d  
washed o u t  o f  t h e  c o i l  a f t e r  i t s  i n i t i a l  c o u n t i n g .  T h i s  b lo o d  
volume r e p r e s e n t e d  t h e  d i f f e r e n c e  be tw een  t h e  f i r s t  and s e co n d  
c o i l  c o u n t s .  The t o t a l  b l o o d  l o s s  i n  th e  t e s t  c o i l  c o u ld  t h e n  be 
c a l c u l a t e d .
R o u t in e  w a sh -b a c k  t e c h n i q u e ;
At t h e  end o f  t h e  d i a l y s e s , t h e  a r t e r i a l  s i d e  o f  t h e  p a t i e n t ’ s 
s h u n t s  w ere  c l o s e d  and b lo o d  i n  t h e  a r t e r i a l  t u b i n g  o f  t h e  k id n e y  
a l lo w e d  t o  e n t e r  t h e  c o i l s .  The w a sh -b a c k  f l u i d  w hich  was pumped 
i n t o  t h e  a r t e r i a l  s i d e  o f  t h e  c o i l s  a t  a f low  r a t e  o f  I 50 ml p e r  
m in u te  f l u s h e d  th e  b l o o d  t h r o u g h  th e  c o i l s  and b a ck  i n t o  th e
5 5
p a t i e n t ’ s body a t  t h e  venous  s i d e .  D u r in g  t h e  w a s h - b a c k  th e  
c o l l s  were  l i f t e d  f rom th e  c o n t a i n e r s  and p l a c e d  on t h e i r  s i d e  
above i t  t o  f a c i l i t a t e  t h e  d r a i n a g e  o f  b l o o d .  The U l t r a - f l o  
100 c o i l s  were  n o t  m a i n t a i n e d  w i t h i n  th e  a i r  c u f f  d u r i n g  w a sh -  
b a ck  b u t  l i f t e d  f r e e  o f  t h i s  b e f o r e  b e i n g  p l a c e d  on t h e i r  s i d e  
on to p  o f  t h e  c o n t a i n e r .  At no t im e  was a i r  i n t r o d u c e d  i n t o  
t h e  sy s te m  s i n c e  t h e  r i s k  o f  an  a i r  embolus r e a c h i n g  t h e  p a t i e n t  
m ig h t  be g r e a t l y  i n c r e a s e d .
RESULTS
The h a e m a t o l o g i o a l  d a t a ,  t h e  o r a l  a b s o r p t i o n ,  r e d  c e l l  
i n c o r p o r a t i o n  and e x c r e t i o n  r a t e  o f  i r o n - 5 9  c an  be s e e n  i n  T ab le  
3* I n  a l l  o a s e s  t h e  Goombts t e s t  was n e g a t i v e ,  t h e  serum 
b i l i r u b i n  l e v e l s  were  norm al  and i n  no p a t i e n t  v/as t h e  a v e r a g e  
r e t i c u l o c y t e  c o u n t  g r e a t e r  t h a n  4^ ,  The mean i r o n  a b s o r p t i o n  
and s t a n d a r d  e r r o r  was I . 0 8  ^  0 , 24^  compared w i t h  3 .4 7  ^  0 . 90^  
i n  p a t i e n t s  w i t h  c h r o n i c  r e n a l  f a i l u r e  n o t  on d i a l y s i s  and
1 0 .0 0  i  0 . 85^  i n  n o rm al  c o n t r o l  s u b j e c t s  ( W i l l  and Boddy, I 9 6 7 ) .  
The mean a b s o r p t i o n  i n  p a t i e n t s  on d i a l y s i s  was s i g n i f i c a n t l y  
l e s s  t h a n  i n  n o rm a ls  ( p < 0 . 0 0 l ) ,  b u t  was n o t  s i g n i f i c a n t l y  l e s s  
t h a n  i n  p a t i e n t s  w i t h  c h r o n i c  r e n a l  f a i l u r e  n o t  on d i a l y s i s
( p  = 0 . 0 6 ) .
The p e r c e n t a g e  r e d  c e l l  i r o n  i n c o r p o r a t i o n  r a n g e d  f rom  12 
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w i t h  45*1 “  6 . 0 ^  i n  p a t i e n t s  w i t h  c h r o n i c  r e n a l  f a i l u r e  n o t  on 
d i a l y s i s  and 8 1 .0  ^ 1 . 4 ^  i n  n o rm al  s u b j e c t s  ( W i l l  and Boddy, 1 9 6 7 ) .  
The mean i n c o r p o r a t i o n  o f  i r o n - 5 9  i u  p a t i e n t s  on d i a l y s i s  was 
s i g n i f i c a n t l y  l e s s  t h a n  i n  n o r m a l s  ( P < 0 . 0 1 ) ,  b u t  was n o t  
s i g n i f i c a n t l y  l e s s  t h a n  i n  p a t i e n t s  w i t h  c h r o n i c  r e n a l  f a i l u r e  
n o t  on d i a l y s i s  (p > 0 . 0 5 ) .
The mean e x c r e t i o n  r a t e  o f  i r o n - 5 9  und t h e  s t a n d a r d  e r r o r  
was 0 . 7 3  “  0 .1 3 ^  p e r  d a y ,  th e  i n d i v i d u a l  v a l u e s  r a n g i n g  from 
O .4 Ï  t o  1 . 46^  p e r  d a y .  The mean e x c r e t i o n  r a t e  and s t a n d a r d  
e r r o r  i n  p a t i e n t s  w i t h  c h r o n i c  r e n a l  f a i l u r e  n o t  on d i a l y s i s  was 
0 . 1 8  *  0 . 04^  p e r  d ay  and i n  n o rm al  c o n t r o l s  was 0 . I 5 ~ 0 . 04% p e r  
d a y .  P a t i e n t s  on d i a l y s i s  t h e r a p y  had a s i g n i f i c a n t l y  g r e a t e r  
e x c r e t i o n  r a t e  ( ? < 0 , 0 0 l )  t h a n  p a t i e n t s  w i t h  c h r o n i c  r e n a l  f a i l u r e  
n o t  on d i a l y s i s  and n o rm a l  c o n t r o l s .
B lood  l o s s e s  i n  7 C h r o n - a - c o i l s  and 8 U l t r a - f l o  c o i l s  were  
examined u s i n g  t h e  h a em o g lo b in  and packed  c e l l  volume method 
(method 1 ) .  The b l o o d  l o s s e s  were  c a l c u l a t e d  by m e a s u r i n g  th e  
volume o f  t h e  w a s h in g s  (V ) ,  t h e  packed  c e l l  volume o f  t h e  wash­
i n g s  (?W) and th e  p a ck e d  c e l l  volume o f  t h e  p a t i e n t s  b l o o d  ( P P ) .
Then t h e  b lo o d  l o s s  = VxPW ml
PP
T h is  r e s u l t  was t h e n  checked  u s i n g  th e  h a e m o g lo b in  i n s t e a d  o f  
t h e  p a ck e d  c e l l  vo lum e .  U s in g  t h i s  m ethod ,  b l o o d  l o s s e s  
a p p e a r e d  to  be 30 t o  50 ml p e r  C h r o n - a - c o i l  and I 5 t o  30 ml p e r  
U l t r a - f l o  c o i l .  However, f o r  r e a s o n s  w h ich  w i l l  be d i s c u s s e d
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l a t e r ,  t h i s  method was c o n s i d e r e d  so i n a c c u r a t e  a s  to  he a lm o s t  
m e a n i n g l e s s  and no f u r t h e r  work was done u s i n g  t h e  t e c h n i q u e .
E i g h t  G h r o n - a - c o i l s  and 3 U l t r a - f l o  100 c o i l s  were  examined 
u s i n g  t h e  r a d io - c h ro m iu m  method (method 2 ) .  I n  o r d e r  to  o b t a i n  
a r e a l i s t i c  e s t i m a t e  o f  t h e  b l o o d  l o s s e s ,  t h e  b lo o d  r e m a i n i n g  i n  
t h e  c o i l s  a t  t h e  end o f  d i a l y s i s  was f l u s h e d  b a c k  i n t o  t h e  
p a t i e n t  u s i n g  th e  r o u t i n e  w a s h - b a c k  t e c h n i q u e  a l r e a d y  d e s c r i b e d .  
The w a sh -b a c k  f l u i d  u s e d  was no rm al  s a l i n e , t h e  volume v a r y i n g  
b e tw ee n  600 and 750 ml.  The a v e r a g e  amount o f  b lo o d  l o s t  i n  
t h e  C h r o n - a - c o i l s , 115 m l , v/as s i g n i f i c a n t l y  g r e a t e r  (P<O.Ol)  
t h a n  t h e  a v e r a g e  l o s s  i n  U l t r a - f l o  100s ,  31 ml.  The r e s u l t s  
a r e  shown i n  T a b le  4*
Seven C h r o n - a - c o i l s  a n d . 10 U l t r a - f l o  100 c o i l s  were  c o l l e c t e d  
u n d e r  r o u t i n e  w a s h - b a c k  c o n d i t i o n s  and th e  b l o o d  l o s s  m ea su re d  by 
th e  r a d i o - i r o n  method (method 3)* These r e s u l t s  a r e  a l s o  shown 
i n  T a b le  4* The a v e r a g e  amount o f  b lo o d  l o s t  i n  th e  C h r o n - a -  
c o i l s  was a g a i n  s i g n i f i c a n t l y  g r e a t e r  ( P < 0 .0 1 )  t h a n  t h e  a v e r a g e  
l o s s  i n  t h e  U l t r a - f l o  1 0 0 s .  The a v e r a g e  l o s s e s  by t h i s  method 
were  n o t  s i g n i f i c a n t l y  d i f f e r e n t  from t h o s e  o b t a i n e d  u s i n g  th e  
r a d i o - c h ro m iu m  method ( C h r o n - a - c o i l  P > 0 .1 ,  U l t r a - f l o  100 ?>0.. 3)* 
Blood l o s s e s  from a f u r t h e r  45 U l t r a - f l o  100 c o i l s  were d e t e r ­
mined u n d e r  v a r y i n g  w a sh -b a c k  c o n d i t i o n s  and t h e  r e s u l t s  a r e  
shown i n  T a b le  5» Do d e c r e a s e  i n  b lood  l o s s  was e f f e c t e d  by 
u s i n g  a norm al  s a l i n e  w a sh -b a c k  volume o f  1000 ml a t  a p r e s s u r e
T A B L E  4
COIL BLOOD LOSSES AFTER ROBTIHE




Number o f  c o i l s 8 7
Mean l o s s  (ml ) 115 85
S ta n d a rd  e r r o r 12 20
(P>0 . 1 )
U l t r a - F l o  100 51cr 39j.e
Number o f  c o i l s 3 10
Mean l o s s  (ml ) 51 56
S ta n d a rd  e r r o r 9 6
(P>0 .3 )
Mean l o s s  i n  CHRON-A-COILS by b o th  methods was 
s i g n i f i c a n t l y  g r e a t e r  (P< O .O l) than  mean l o s s  
i n  ULTRA-FLO lOOS.
T A B L E  5
BLOOD LOSSES IN ULTRA-FLO 100 COILS
MEASURED BY THE RADIO-IRON METHOD
C o i ls
Wash-Back C o n d i t io n s
Normal s a l i n e 5^'^o D ex t ro se Normal s a l i n e
A B A B C
Number
Mean Blood Loss 
(ml)
















Comparison o f  Means: Normal s a l i n e  A v s  B P>0,1
5 " / o  D e x t ro se  A v s B P>0.1
A l l  normal  s a l i n e  v s  a l l  5^/0 d e x t r o s e P<0.02
A = 500 ml f l u i d  a t  0mm p r e s s u r e  
B = 600-750 K*i f l u i d  a t  0mm p r e s s u r e  
C = 1000 ml f l u i d  a t  150mm p r e s s u r e
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o f  150 mm compared w i t h  3OO ml a t  0 miTi p r e s s u r e  ( P > 0 . 1 ) .  Blood 
l o s s e s  were  shown t o  he r e d u c e d  s i g n i f i c a n t l y  (F<0*02) when 
. d e x t r o s e  was u se d  i n s t e a d  o f  s a l i n e  f o r  t h e  w a s h - h a c k .  F i n a l l y ,  
h lo o d  l o s s e s  were  d e t e r m i n e d  i n  3 U l t r a - f l o  100 c o i l s  w h ich  were  
n o t  p l a c e d  i n  a d e p e n d e n t  p o s i t i o n  d u r i n g  t h e  w a s h - h a c k  w i t h  
500 ml o f  norm al  s a l i n e  a t  0 mm p r e s s u r e .  The a v e r a g e  amount o f  
h lo o d  r e t a i n e d  i n  t h e  c o i l  "was 85 -  12 ml w h ich  i s  s i g n i f i c a n t l y  
g r e a t e r  ( P < 0 . 0 0 l )  t h a n  th e  a v e r a g e  l o s s  o f  23 ml when t h e  c o i l s  
were  r a i s e d *
DISCUSSION
A d i v i s i o n  i n  t h e  l i t e r a t u r e  o c c u r s  b e tw e e n  E sch b ach  e t  a l ,
( 1967 ) who have  d e m o n s t r a t e d  i r o n  o v e r l o a d  i n  p a t i e n t s  on r e g u l a r  
d i a l y s i s  t h e r a p y  and S h a ld o n  ( 1 9 6 6 ) who fo u n d  t h a t  h i s  p a t i e n t s  
were i r o n  d e f i c i e n t *  There  a r e  two s o u r c e s  o f  i r o n  a v a i l a b l e  
t o  t h e s e  p a t i e n t s ,  a p a r t  from d i e t a r y  i r o n ,  w h ich  c o u ld  r e s u l t  
i n  o v e r l o a d ,  namely  i r o n  from r e p e a t e d  t r a n s f u s i o n  o r  u p t a k e  from 
th e  d i a l y s i n g  f l u i d  (Maher e t  a l , , 1965 )* I n  a p r e v i o u s  s t u d y  
(Lawson e t  a l . ,  I 9 6 8 ) i t  was shown t h a t  u p t a k e  o f  l a b e l l e d  i r o n  
from t h e  d i a l y s a t e  v a r i e d  b e tw e e n  0*33 and 0 , 40 '^. o f  t h e  b a t h  
c o n t e n t  o f  i r o n .  The amount o f  i r o n  a b s o r b e d  i n  t h i s  way i s  
c l e a r l y  d e p e n d e n t  upon th e  i r o n  c o n c e n t r a t i o n  o f  t h e  t a p  w a t e r ,  
b u t  t a k i n g  t h e  maximum p e r m i s s i b l e  c o n c e n t r a t i o n  o f  i r o n  i n  w a t e r ,  
500 ug  p e r  l i t r e ,  a  p a t i e n t  w i l l  o n ly  a b s o r b  1 mg o f  i r o n  p e r
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week. I n  Glasgow, i t  would t a k e  6 weeks o f  tw ic e  w e e k ly  
d i a l y s i s  f o r  1 mg o f  i r o n  t o  be a b s o r b e d .  I r o n  d e f i c i e n c y  
m ig h t  a r i s e  i f  t h e r e  was an i r o n  l o s s  from t h e  p a t i e n t  i n t o  
th e  d i a l y s i s  f l u i d  o r  i f  t h e r e  were  abnorm al  l o s s e s  o f  b l o o d .
Lawson e t  a l ,  ( 1 96 8 ) found  t h a t  t h e  l o s s  o f  i n j e c t e d  i r o n - 5 9  
from a p a t i e n t  i n t o  t h e  d i a l y s i n g  f l u i d  was so low, 0 , 1 2 ^  o f  
th e  a d m i n i s t e r e d  d o s e ,  t h a t  i t s  s i g n i f i c a n c e  was d o u b t f u l .  I t  
c o u ld  be  s a i d ,  h o w e v e r ,  t h a t  i n s i g n i f i c a n t  q u a n t i t i e s  o f  i r o n  
were  l o s t  by t h i s  r o u t e ,
13y t h e  c r i t e r i a  o f  E sc h b a c h  e t  a l ,  ( l 9 7 0 ) ,  8 o f  t h e  p a t i e n t s  
i n  T a b le  3 were  i r o n  d e f i c i e n t  w i t h  a t o t a l  i r o n  b i n d i n g  
c a p a c i t y  g r e a t e r  t h a n  300 y^g p e r  100 ml and a t r a n s f e r r i n  
s a t u r a t i o n  o f  18^ o r  l e s s ,  2 o f  t h e  p a t i e n t s  were  i n  no rm al  
i r o n  b a l a n c e  w i t h  a  t o t a l  i r o n  b i n d i n g  c a p a c i t y  o f  be low  350 p-g  
p e r  100 ml and a t r a n s f e r r i n  s a t u r a t i o n  o f  b e tw ee n  18 and 50^  
and 1 p a t i e n t  was i n  i r o n  o v e r l o a d  w i t h  a t r a n s f e r r i n  s a t u r a t i o n  
o f  g r e a t e r  t h a n  50ÿ, The i r o n - 5 9  a b s o r p t i o n  s t u d i e s  showed 
d i m i n i s h e d  o r a l  i r o n  u p t a k e  by t h e s e  p a t i e n t s ,  t h e  mean a b s o r p ­
t i o n  b e i n g  s i g n i f i c a n t l y  l e s s  t h a n  i n  norm al  s u b j e c t s .  The 
mean p e r c e n t a g e  r e d  c e l l  i r o n - 5 9  i n c o r p o r a t i o n  was a l s o  
s i g n i f i c a n t l y  l e s s  t h a n  i n  n o r m a l s .  T he re  was no d i f f e r e n c e  
however  b e tw ee n  t h e  o r a l  a b s o r p t i o n  and t h e  r e d  c e l l  i n c o r p o r ­
a t i o n  o f  i r o n  i n  t h e s e  p a t i e n t s  and i n  p a t i e n t s  w i t h  c h r o n i c  r e n a l  
f a i l u r e  n o t  on d i a l y s i s . T h e .  r e d u c t i o n  i n  t h e  o r a l  a b s o r p t i o n  and r e d
6 0
c e l l  i n c o r p o r a t i o n  o f  i r o n  i s  l i k e l y  to  be t h e  r e s u l t  o f  
d e c r e a s e d  e r y t h r d p o i e s i s  which* h a s  been  shown t o  be  a m a jo r  
f a c t o r  i n  t h e i r  c o n t r o l  (VVheby, I 9 6 6 ) • E s c h b a c h  e t  a l ,  ( 1 97 0 ) 
found  c h a n g e s  i n  t h e  a b s o r p t i o n  o f  i r o n  i n  c h r o n i c  r e n a l  f a i l u r e  
a c c o r d i n g  to  t h e  i r o n  s t a t u s  o f  t h e  i n d i v i d u a l  p a t i e n t ,  A 
s t a t e  o f  no rm al  i r o n  b a l a n c e  and o f  i r o n  o v e r l o a d  r e s u l t e d  i n  
a mean a b s o r p t i o n  a f t e r  a 5 mg d o s e  o f  e l e m e n t a l  i r o n  o f  3*5^ 
and 3*6^ r e s p e c t i v e l y ,  A mean a b s o r p t i o n  o f  58ÿ,  h o w e v e r ,  
was found  by t h e s e  w o r k e r s  i n  a g roup  o f  p a t i e n t s  w i t h  i r o n  
d e f i c i e n c y .  I n  t h i s  p r e s e n t  s t u d y  on ly  3 p a t i e n t s  were  i r o n  
d e f i c i e n t ,  no .  6 i n  T a b le  1 and nos* 4 &nd 10 i n  T a b le  3 , b u t  
no i n c r e a s e d  a b s o r p t i o n  o f  i r o n  was a p p a r e n t .
The mean l o n g - t e r m  i r o n - 5 9  e x c r e t i o n  r a t e s  were  s i g n i f i ­
c a n t l y  g r e a t e r  i n  t h e  p r e s e n t  p a t i e n t s  t h a n  i n  t h o s e  w i t h  
c h r o n i c  r e n a l  f a i l u r e  n o t  on d i a l y s i s  and i n  no rm al  c o n t r o l s ,  
t h e r e  b e i n g  an i n c r e a s e  i n  t u r n o v e r  by a t  l e a s t  a f a c t o r  o f  4# 
From t h e s e  f i n d i n g s  i t  would a p p e a r  t h a t  p a t i e n t s  on r e g u l a r  
d i a l y s i s  t h e r a p y  a r e  l o s i n g  i r o n  a t  a much f a s t e r  r a t e  t h a n  
n o rm a l .  S in c e  i t  h a s  b e en  shown t h a t  i n s i g n i f i c a n t  q u a n t i t i e s  
o f  i r o n  were  l o s t  f rom  th e  p a t i e n t  i n t o  t h e  d i a l y s i n g  f l u i d ,  
i t  would seem t h a t  t h e  l o s s  p r o b a b l y  r e s u l t s  f rom b lo o d  l e f t  
i n  t h e  c o i l  a t  t h e  end o f  d i a l y s i s  t o g e t h e r  w i t h  b lo o d  removed 
f o r  h a e m a t o l o g i o a l  i n v e s t i g a t i o n s *  B ecau se  o f  u n c e r t a i n t y  
i n  t h e  r e d  c e l l  i r o n  i n c o r p o r a t i o n ,  i t  i s  d i f f i c u l t  t o  make a
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d i r e c t l y  q u a n t i t a t i v e  e s t i m a t e  o f  t h e  b lo o d  l o s s .  I t  i s  
p o s s i b l e  t h a t  t h e  i n c o r p o r a t i o n ,  w h ich  i t s e l f  w i l l  be a f f e c t e d  
by th e  b l o o d  l o s s ,  m ig h t  i n c r e a s e  beyond 10. d a y s  b e c a u s e  o f  t h e  
d e p r e s s e d  r a t e  o f  e r y t h r o p o i e s i s  i n  t h e s e  p a t i e n t s .
The a t t e m p t s  t o  a s s e s s  c o i l  b lo o d  l o s s  by t h e  f i r s t  
method p ro d u c e d  s i m i l a r  r e s u l t s  t o  o t h e r s  ( Evans e t  a l ,  1 9 6 ? »
Muth 1 9 6 9 , P a t e l  e t  a l ,  I 967 ) , b u t  to o  s m a l l  t o  a c c o u n t  f o r  
some o f  t h e  e x c r e t i o n  r a t e s  o b s e r v e d .  The a c c u r a c y  o f  s u c h  a 
t e c h n i q u e ,  ho w ev er ,  i s  q u e s t i o n a b l e .  To mix a d e q u a t e l y  a fev/ 
m i l l i l i t r e s  o f  r e d  c e l l s ,  even  i f  t h e  c e l l s  a r e  l y s e d ,  i n  1 
l i t r e  o f  w a s h - o u t  f l u i d  and t h e n  o b t a i n  a r e p r e s e n t a t i v e  
sample  f o r  f u r t h e r  m easu rem en t  i s  e x t r e m e l y  d i f f i c u l t .  The 
m easu rem en t  o f  t h e  p a ck e d  c e l l  volume o f  t h e  s o l u t i o n  u s i n g  a 
m i o r o h a e m a t o c r i t  h a s  a n  a c c u r a c y  o f  ^  80 to  90^ and t h e  m e a su re ­
ment o f  t h e  h a e m o g lo b in  c o n t e n t  h a s  an a c c u r a c y  o f  -  30 to  40^ .  
C o n s e q u e n t l y ,  c o n s i d e r a b l e  u n c e r t a i n t i e s  a r e  t o  bo e x p e c t e d  i n  
t h e  f i n a l  a n sw e r  and f o r  t h i s  r e a s o n  no f u r t h e r  work  was done 
u s i n g  t h i s  m ethod .  The second  m ethod ,  u s i n g  chromiura-51» was 
i n i t i a l l y  c h o s e n  b e c a u s e  o f  t h e  e a s e  o f  l a b e l l i n g  th e  r e d  c e l l s .  
The r e s u l t s  were  v a r i a b l e  and showed a h i g h  a v e r a g e  c o i l  b lo o d  
l o s s .  The l o s s e s ,  ho w ev er ,  a r e  i n  good a g r e e m e n t  w i t h  t h e  h ig h  
e x c r e t i o n  r a t e s  fo u n d  i n  t h e s e  p a t i e n t s ,  A s o u r c e  o f  e r r o r  i n  
t h e  chromium method was th e  p o s s i b l e  e l u t i o n  o f  chromium from 
th e  r e d  c e l l s  f o l l o w i n g  th e  l a b e l l i n g  p r o c e s s  ( M o l l i n s o n ,
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1967 ) and i t  i s  known t h a t  f r e e  chromium c an  he  s e l e c t i v e l y -  
t a k e n  up by  th e  d i a l y s i n g  membrane ( Maher e t  a l . ,1 9 6 5  ) .
A l th o u g h  i t  seemed u n l i k e l y  t h a t  t h i s  i n t r o d u c e d  a s i g n i f i c a n t  
e r r o r ,  t h e  b lo o d  l o s s  m ea su re m e n ts  were r e p e a t e d  u s i n g  t h e  
r a d i o - i r o n  m ethod .  The i r o n - 5 9  i s  i n c o r p o r a t e d  i n t o  t h e  r e d  
b lo o d  c e l l s  and h e n c e  any  p o s s i b l e  e r r o r  due t o  e l u t i o n  i s  
e l i m i n a t e d .  A n o t h e r  p o s s i b l e  s o u r c e  o f  e r r o r  i n  t h e  chromium 
method l a y  i n  t h e  c o u n t i n g  t e c h n i q u e  s i n c e  v a r i a b l e  s e d i m e n t a t i o n  
o f  t h e  b l o o d  c o u ld  o c c u r  w i t h i ) i  t h e  c o i l .  The d e t e r m i n a t i o n  
o f  b lo o d  l o s s  u s i n g  t h e  i r o n - 5 9  m ethod ,  h o w e v e r ,  d ep ended  upon , 
c o m p a r i s o n  o f  c o u n t s  f rom  t h e  same c o i l  b e f o r e  and a f t e r  an  
a d d i t i o n a l  w a s h - o u t . a n d  t h e  b l o o d  washed o u t  was c o u n te d  i n  an  
i d e n t i c a l  ge o m e try  t o  t h e  s t a n d a r d .  I t  i s  e v i d e n t  t h a t  t h e  
r e s e r v a t i o n s  a b o u t  t h e  chromium method a r e  n o t  w e l l  j u s t i f i e d  
s i n c e  t h e  c o i l  b lo o d  l o s s e s  m ea su re d  by t h e s e  two methods 
were i n  good a g r e e m e n t .  The r e s u l t s  show t h a t  t h e  b lo o d  
l o s s e s  c a n  be s i g n i f i c a n t l y  r e d u c e d  by u s i n g  U l t r a - f l o  c o i l s  
r a t h e r  t h a n  C h r o n - a - c o i l s  and by  r a i s i n g  t h e  c o i l  from i t s  
c o n t a i n e r  and p l a c i n g  i t  on i t s  s i d e  d u r i n g  t h e  W ash-back .
A f u r t h e r  r e d u c t i o n  was s e en  when 5^  d e x t r o s e  was u se d  a s  w a sh -  
b a c k  f l u i d  i n  p l a c e  o f  no rm al  s a l i n e  b u t  t h i s  a d v a n t a g e  may be 
o f f s e t  by  t h e  u n s u i t a b i l i t y  o f  d e x t r o s e  i f  r e - u s e  o f  t h e  c o i l s  
i s  c o n t e m p l a t e d .  T h i s  r e d u c t i o n  i n  b lo o d  l o s s ,  w h ich  was 
c e r t a i n l y  s t a t i s t i c a l l y  s i g n i f i c a n t  ( P < 0 . 0 2  ) ,  i s  p o s s i b l y
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due t o  t h e  w a sh -b a c k  w i t h  d e x t r o s e  b e i n g  more e f f e c t i v e  a s  a 
r e s u l t  o f  a d e c r e a s e  i n  c l o t  f o r m a t i o n .  I t  h a s  b e e n  shown t h a t  
h e p a r i n  i n h i b i t s  t h e  p o l y m e r i a a t i o n  o f  th e  f i b r i n  monomer t o  a 
p o lym er  l e g s  e f f e c t i v e l y  i n  t h e  p r e s e n c e  o f  s a l i n e  
( T r i a n t a p h y l l o p o u l o s ,  1 9 7 0 ) .  T h ere  was no s i g n i f i c a n t  r e d u c t i o n  
i n  b lo o d  l o s s  when t h e  w a s h - b a c k  volume was i n c r e a s e d  t o  1000 ml,  
a l t h o u g h ,  f rom c l i n i c a l  e x p e r i e n c e ,  th e  second  500 ml o f  a  1000 
ml w a s h - b a c k  would s t i l l  c o n t a i n  some b l o o d .  As w e l l  a s  an  
i n c r e a s e  i n  vo lum e ,  h o w ev er ,  t h e r e  was a change  i n  th e  w a s h - b a c k  
p r e s s u r e  and i t  would  a p p e a r  t h a t  t h e  i n c r e a s e d  w a sh -b a c k  volume 
m ig h t  h ave  b e e n  o f f s e t  by t h e  h i g h e r  f l u s h i n g  p r e s s u r e .
The c o i l  b lo o d  l o s s e s  a r e  t h e r e f o r e  l a r g e  enough t o  e x p l a i n  
a lm o s t  e n t i r e l y  t h e  h i g h  r a t e  o f  l o s s  o f  i r o n - 5 9  from t h e  body 
s e e n  i n  p a t i e n t s  on r e g u l a r  d i a l y s i s  t h e r a p y .  These  l o s s e s  may - 
be l a r g e  enough t o  l e a d  t o  i r o n  d e f i c i e n c y  b u t  can  be m in im is e d  
by th e  method d e s c r i b e d .  S i n c e  i r o n  u p t a k e  from t h e  d i a l y s a t e  
i s  v e r y  low ,  i r o n  o v e r l o a d  i n  d i a l y s e d  p a t i e n t s  w i t h  c h r o n i c  
r e n a l  f a i l u r e  p r o b a b l y  r e s u l t s  f rom  t h e  r e p e a t e d  t r a n s f u s i o n  o f  
b l o o d .  To m a i n t a i n  p a t i e n t s  f o r  l o n g  p e r i o d s  w i t h o u t  t r a n s f u s i o n ,  
t h u s  e l i m i n a t i n g  t h e  p o t e n t i a l  d a n g e r  o f  i r o n  o v e r l o a d ,  i t  i s  
n e c e s s a r y  t o  m in im is e  t h e  amount o f  b lo o d  l e f t  i n  t h e  c o i l  a t  
t h e  end o f  d i a l y s i s  and t h e  amount o f  b lo o d  r e q u i r e d  f o r  r o u t i n e  
h a e m a to lo g y .
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SUMMARY
I r o n  m e ta b o l i s m  h as  b e en  ' i n v e s t i g a t e d  i n  p a t i e n t s  w i t h  
c h r o n i c  r e n a l  f a i l u r e .  The o r a l  a b s o r p t i o n  and t h e  r e d  c e l l  
i n c o r p o r a t i o n  o f  i r o n - 5 9  i ^  p a t i e n t s  w i t h  c h r o n i c  r e n a l  f a i l u r e  
n o t  on d i a l y s i s  were  s i g n i f i c a n t l y  l e s s  t h a n  i n  norm al  c o n t r o l s ,  
b u t  t h e  i r o n  t u r n o v e r  r a t e  was w i t h i n  norm al  l i m i t s .  The 
anaem ia  o f  c h r o n i c  r e n a l  im p a i rm e n t  r e s u l t s  f rom  th e  d e p r e s s i o n  
o f  e r y t h r o p o i e s i s , t h e r e  b e i n g  no e v id e n c e  to  s u g g e s t  t h a t  i r o n  
d e f i c i e n c y  p l a y s  a s i g n i f i c a n t  p a r t  i n  i t s  a e t i o l o g y .
The o r a l  a b s o r p t i o n  and r e d  c e l l  i n c o r p o r a t i o n  o f  i r o n - 5 9  
i n  p a t i e n t s  w i t h  c h r o n i c  r e n a l  f a i l u r e  on r e g u l a r  d i a l y s i s  t h e r a p y  
were  s i m i l a r  to  t h a t  o f  p a t i e n t s  n o t  r e q u i r i n g  d i a l y s i s  and 
s i g n i f i c a n t l y  l e s s  t h a n  i n  n o rm al  c o n t r o l s  due  t o  d e c r e a s e d  
e r y t h r o p o i e s i s .  The i r o n  t u r n o v e r  r a t e ,  h o w e v e r ,  v/as c o n s i d e r a b l y  
h i g h e r  t h a n  i n  p a t i e n t s  w i t h  c h r o n i c  r e n a l  f a i l u r e  n o t  on 
d i a l y s i s ,
B lood  l o s s e s  i n  t h e  K o l f f  t w i n - c o i l  a r t i f i c i a l  k i d n e y  have 
b een  s t u d i e d  by r a d i o i s o t o p e  t e c h n i q u e s  u s i n g  chrora iura-5 i  and 
i r o n - 5 9  and t h e  r e s u l t s  o b t a i n e d  compared w i t h  t h e  s i m p l e r  
h a e m o g lo b in  and m i o r o h a e m a t o c r i t  m ethods .  I t  h a s  been  shown 
t h a t  t h e  t r u e  b lo o d  l o s s e s  a r e  much l a r g e r  t h a n  t h o s e  o b t a i n e d  
by  t h e  s i m p l e r  m ethods  and t h a t  t h e s e  l o s s e s  a l m o s t  e n t i r e l y  
e x p l a i n  t h e  h i g h  e x c r e t i o n  r a t e  o f  i r o n - 5 9  s e e n  i n  p a t i e n t s  on 
r e g u l a r  d i a l y s i s  t h e r a p y .  I f  r o u t i n e  b lo o d  t r a n s f u s i o n  i s  to
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be a v o i d e d ,  t h u s  e l i m i n a t i n g  t h e  p o t e n t i a l  d a n g e r  o f  i r o n  o v e r ­
l o a d  and r e d u c i n g  t h e  r i s k  o f  serum h e p a t i t i s ,  i t  i s  n e c e s s a r y  
to  m in im is e  a l l  s o u r c e s  o f  b lo o d  l o s s *  Blood  l e f t  i n  t h e  c o i l  
a t  t h e  end o f  d i a l y s i s  i s  t h e  m ain  s o u r c e  o f  l o s s  i n  t h e s e  
p a t i e n t s  and can  be m in im is e d  by u s i n g  U l t r a - f l o  100 c o i l s  
r a t h e r  t h a n  C h r o n - a - c o i l s ,  by a l t e r i n g  t h e  p o s i t i o n  o f  t h e  c o i l  
d u r i n g  t h e  w a s h - b a c k  p r o c e d u r e  and by v a r y i n g  t h e  c o m p o s i t i o n  
and. p r e s s u r e  o f  t h e  w a s h - b a c k  f l u i d .  The a d v a n t a g e  o f  u s i n g  
d e x t r o s e  a s  a w a s h - b a c k  f l u i d  i s  o f f s e t  by i t s  u n s u i t a b i l i t y  i f  
r e - s t e r 3 l i a a t i o n  and h e n ce  r e - u s e  o f  th e  c o i l  i s  i n t e n d e d »
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CHAPTER V III
THE MEASUREMENT OF TOTAL BODY POTASSIUM?
CALIBRATION AND ERRORS
INTRODUCTION
P o ta s s iu m  i s  an e s s e n t i a l  body e l e c t r o l y t e  w hich  can  he 
r 1m easu red  i n  v i v o  by t h e  d e t e c t i o n  o f  t h e  n a t u r a l l y  o c c u r i n g  
r a d i o i s o t o p e ,  p o t a s s i u m  -  4 0 , u s i n g  a h i g h  s e n s i t i v i t y  whole 
body m o n i t o r .  P o t a s s i u m  -  40  e m i t s  gamma r a y s  w i t h  an e n e rg y  
o f  1 .4 6  MeV and t h e  o b s e r v e d  whole  body c o u n t i n g - r a t e  can  be 
r e l a t e d  to  t h e  t o t a l  body c o n t e n t  o f  p o t a s s i u m .
The p r i n c i p l e  s o u r c e s  o f  u n c e r t a i n t y  i n  m e a s u r i n g  th e  
a b s o l u t e  t o t a l  body c o n t e n t  o f  p o t a s s i u m  a r e  c o u n t i n g  s t a t i s t i c s ,  
v a r i a t i o n  o f  t h e  s u b j e c t  c o u n t i n g - r a t e  p e r  gram o f  p o t a s s i u m  
due t o  d i f f e r e n c e s  i n  body h a b i t u s ,  t e c h n i c a l  e r r o r s  a s s o c i a t e d  
w i t h  r e p r o d u c i b i l i t y  o f  t h e  c o u n t i n g  g e o m e try  and s t a b i l i t y  o f  
t h e  c o u n t i n g - r a t e s  o f  s t a n d a r d s  and b a c k g r o u n d .  A l th o u g h  t h e s e  
u n c e r t a i n t i e s  a r e  common t o  a l l  t y p e s  o f  whole  body c o u n t e r s ,  
t h e i r  m ag n i tu d e  and r e l a t i v e  im p o r t a n c e  w i l l  depend  on th e  
m o n i t o r i n g  g e o m e t ry  and on t h e  m o n i t o r i n g  p r o c e d u r e .  These 
f a c t o r s  have b e e n  i n v e s t i g a t e d  f o r  a s c a n n i n g - b e d  g e o m e t ry  i n  
c o n t r a s t  t o  t h e  t i l t i n g - c h a i r  o r  m u l t i p l e  d e t e c t o r  s t r e t c h e r  
g e o m e t r i e s  w h ich  a r e  more commonly u s e d .
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The v a r i a t i o n  o f  t h e  c o u n t i n g - r a t e  p e r  gram o f  p o t a s s i u m  
w i t h  body b u i l d  h a s  been  examined by th e  a d m i n i s t r a t i o n  o f  th e  
a r t i f i c i a l  i s o t o p e  p o t a s s i u m  -  /)2, which e m i t s  a s i n g l e  gamma 
r a y  a l m o s t  i d e n t i c a l  i n  e n e r g y ,  1 .5 2  MeV, to  t h a t  o f  t h e  n a t u r a l  
p o t a s s i u m  -  4 0 * I t  a t t a i n s  a d i s t r i b u t i o n  i n  t h e  body s i m i l a r  
t o  t h a t  o f  n a t i v e  p o t a s s i u m  ( B u r c h  and S p i e r s ,  1953) and p r o d u c e s  
an  i n s t r u m e n t  r e s p o n s e  w h ich  can  be u sed  to  a l l o w  f o r  s e l f -  
a b s o r p t i o n  o f  t h e  r a d i a t i o n  and f o r  body g e o m e t r y .  By c o m p a r i s o n  
o f  t h e  c o u n t i n g - r a t e s  o f  p o t a s s i u m  -  40 and p o t a s s i u m  -  42 i n  
human s u b j e c t s  and i n  i d e n t i c a l  phantom s,  t h e  v a r i a t i o n  o f  th e  
c o u n t i n g - r a t e s  w i t h  body b u i l d  can  be exam ined  and a more p r e c i s e  
e s t i m a t e  o f  t h e  body  c o n t e n t  o f  p o t a s s i u m  c an  be  o b t a i n e d  ( M i l l e r  
1 9 6 2 , D e lw a ide  e t  a l .  I 9 6 3 , L o r i rae r  e t  a l ,  I9 6 5, W ilso n  I 9 6 4 , 
Hughes and W i l l i a m s  1967,  B u rk in sh aw  I 9 6 7 )* I t  was a l s o  o f  
p r a c t i c a l  im p o r t a n c e  to  d e r i v e  a c a l i b r a t i o n  f a c t o r ,  r e l a t e d  to  
body p a r a m e t e r s ,  w h ich  c o u ld  be u s e d  to  c o n v e r t  t h e  r e s u l t  o f  
a s i n g l e  p o t a s s i u m  -  40 m easu rem en t  on a s u b j e c t  to  t o t a l  body 
p o t a s s i u m  w i t h o u t  r e f e r e n c e  to  p o t a s s i u m  -  42 .  The p r o b a b l e  
e r r o r  i n  e s t i m a t i n g  body p o t a s s i u m  by t h i s  p r o c e d u r e  was t h e n  
compared w i t h  t h a t  u s e d  i n  o t h e r  c o u n t i n g  g e o m e t r i e s .
MATERIALS AND METHODS
T h i r t y  n i n e  male  and 30 f e m a le  s u b j e c t s  were  i n c l u d e d  i n  t h e  
c a l i b r a t i o n  s t u d y .  A l l  were  h e a l t h y  v o l u n t e e r s  o r  were  s u f f e r i n g
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f rom  d i s e a s e s  w h ich  a r e  n o t  known to  a f f e c t  t h e  d i s t r i b u t i o n  o f  
p o t a s s i u m  i n  t h e  body .
The d e t e c t o r - f a c e  to  bed d i s t a n c e  was 30 cm and t h e  s c a n n i n g  
speed  was 8 . 2  cm p e r  m in u te  f o r  p o t a s s i u m  -  40 and 4 0 . 8  cm p e r  
m in u te  f o r  p o t a s s i u m  -  42.  The b a ck g ro u n d  was c o u n te d  f o r  
20 m in u t e s  b e f o r e  and a f t e r  e a c h  p o t a s s i u m  -  40 m ea su re m e n t .  
F o l l o w i n g  t h e  p o t a s s i u m  -  40 s c a n ,  each  s u b j e c t  was g i v e n  an 
o r a l  d o s e  o f  9 -  I I  /J.Gi p o t a s s i u m  -  42 .  A p p r o x im a te ly  24 
h o u r s  p o s t - a d m i n i s t r a t i o n ,  a f u r t h e r  whole  body  m easurem ent  was 
made. The a b d o m in a l  and c h e s t  s e c t i o n s  o f  a p o l y t h e n e  phantom 
man ( h u s h ,  1946) were  f i l l e d  w i t h  lOOOg o f  p o t a s s i u m  a s  p o t a s s i u m  
c h l o r i d e  and t h e  c o m p le te  phantom was s c a n n e d  s e v e r a l  t im e s  
d u r i n g  e a c h  s e r i e s  o f  m e a s u re m e n ts .  The phantom was r e m e a s u re d  
w i t h  a b o u t  2 . 5  /uGi p o t a s s i u m  -  42 s i m i l a r l y  d i s t r i b u t e d ,  t h i s  
a c t i v i t y  b e i n g  t y p i c a l  o f  th e  amount i n  t h e  s u b j e c t  a t  24 h o u r s  
a f t e r  a d m i n i s t r a t i o n .
The p r o c e d u r e  f o r  d i s p e n s i n g  and a s s a y i n g  t h e  p o t a s s i u m  -  42 
u n d e rw e n t  some c h a n g e s  a s  e x p e r i e n c e  showed where  e r r o r s  m igh t  
a p p e a r .  I n  t h e  f i n a l  p r o c e d u r e ,  p o t a s s i u m  -  42 c h l o r i d e  
s o l u t i o n  from t h e  R a d io c h e m i c a l  C e n t r e ,  Amersham, was s u i t a b l y  
d i l u t e d  and d i s p e n s e d  by w e i g h t  i n t o  p o l y t h e n e  c o n t a i n e r s .
The gamma r a y  o u t p u t  f rom t h e s e  was t h e n  com pared ,  u s i n g  a 
r e f e r e n c e  i o n i s a t i o n  chamber c o n n e c te d  to  a v i b r a t i n g  r e e d  e l e c t r o ­
m e t e r  and r e c o r d e r .  P a t i e n t s  d r a n k  t h e  d o s e s  f rom t h e  c o n t a i n e r s
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t h r o u g h  a s t r a w ,  f o l l o w e d  by  t h e  r i n s i n g s .  One d o se  was p o u re d
i n t o  t h e  phantom , a g a i n  w i t h  t h e  r i n s i n g s .  The r e s i d u a l  a c t i v i t y
i n  t h e  c o n t a i n e r s  and s t r a w s  was m easu red  w i t h  s c i n t i l l a t i o n  
c o u n t e r .  T h is  amount v a r i e d  from z e r o  t o  0.05% o f  t h e  d o s e .  
Com parison  b e tw e e n  t h e  d o s e s  o f  pob ass iu m  -  42 g i v e n  to  t h e  
p a t i e n t s  and t h a t  u se d  i n  t h e  phantom was made from t h e  w e i g h t s  
o f  t h e  s o l u t i o n s ,  c o r r e c t e d  f o r  th e  m easu red  r e s i d u a l  a c t i v i t y .
The i o n  chamber  m e a su re m e n ts  were  u sed  a s  a c h e c k .  I n  g e n e r a l ,  
a g re e m e n t  b e tw e e n  t h e  two e s t i m a t i o n s  was w i t h i n  2%. U r in e  
was c o l l e c t e d  f o r  t h e  24 h o u r  p e r i o d  b e tw e e n  a d m i n i s t r a t i o n  o f  
t h e  p o t a s s i u m  -  42 and whole  body c o u n t i n g .  A 10 ml a l i q u o t  
was a s s a y e d  i n  an  M6 l i q u i d  sam ple  G.M. c o u n t e r .  A s t a n d a r d  
f o r  c o m p a r i s o n  was p r e p a r e d  f rom a n o t h e r  d o s e ,  d i l u t e d  w i t h  
p o t a s s i u m  c h l o r i d e  s o l u t i o n  t o  m in im is e  a b s o r p t i o n  o f  t h e  r a d i o ­
i s o t o p e  o n to  g l a s s w a r e .  The a c t i v i t y  t o  be  s u b t r a c t e d  from t h e  
a d m i n i s t e r e d  d o se  t o  g i v e  t h e  amount r e m a i n i n g  a t  24 h o u r s  r a n g e d  
f rom  a b o u t  1% to  5% w i t h  a mean o f  2*9%« I n  a few c a s e s  a 
c h e c k  was a l s o  made on f a e c a l  r a d i o a c t i v i t y .  T h i s  was fou n d  to  
be n e g l i g i b l e .
To examine  t h e  p r e c i s i o n  o f  th e  c a l i b r a t i o n  and m o n i t o r i n g  
p r o c e d u r e s ,  r e p l i c a t e  m ea su re m e n ts  were  made i n  8 o f  t h e  s u b j e c t s .  
The r e p r o d u c i b i l i t y  o f  p a t i e n t  m o n i t o r i n g  was s t u d i e d  i n  an 
a d d i t i o n a l  s u b j e c t  by making 3 0 m easu re m e n ts  o f  t h e  p o t a s s i u m  -  40 
c o u n t i n g - r a t e  i n  one week. I n  2 o t h e r  s u b j e c t s  t h e  p o t a s s i u m  -  40
7 0
o o u n t i n g - r a t e  was m easu red  a t  i n t e r v a l s  o v e r  a p p r o x i m a t e l y  2 
y e a r s .  The r e p r o d u c i b i l i t y  o f  m o n i t o r i n g  p o t a s s i u m  -  40 i n  t h e  
phantom v/as exam ined  u s i n g  t h e  d a t a  o b t a i n e d  from r o u t i n e  
m easu re m e n ts  d u r i n g  a p e r i o d  o f  5 months when body p o t a s s i u m  
m easu re m e n ts  were  b e i n g  made. C o n f i r m a to r y  s t u d i e s  o f  r e p r o ­
d u c i b i l i t y  were  u n d e r t a k e n  w i t h  i r o n  -  59 a.nd c o b a l t  -  58 i n  t h e  
same s e c t i o n s  o f  an  i d e n t i c a l  phantom. V a r i a t i o n  i s  r o u t i n e  
b ack g ro u n d  c o u n t i n g - r a t e s  v/as a l s o  exam ined .
T o t a l  body p o t a s s i u m  was e s t i m a t e d  i n  5 f u r t h e r  s u b j e c t s .
The p o t a s s i u m  -  40 c o u n t i n g - r a t e  o b t a i n e d  i n  e a c h  c a s e  was 
e x p r e s s e d  a s  grams o f  p o t a s s i u m  u s i n g  t h e  c a l i b r a t i o n  f a c t o r s  
o b t a i n e d  from t h e  e a r l i e r  p a r t  o f  t h e  s t u d y .  F o r  c o m p a r i s o n ,  
t h e s e  s u b j e c t s  were  a l s o  exam ined  i n  t h e  Leeds  whole  body m o n i t o r  
(B u r k in s h a w ,  1967)  and t h e i r  body p o t a s s i u m  i n d e p e n d e n t l y  
e s t i m a t e d .
RESULTS
T y p i c a l  c o u n t i n g - r a t e s  and th e  c o n s t a n c y  o f  t h e  b a ck g ro u n d  
c o u n t i n g - r a t e s  a r e  sum m arised  i n  T ab le  1 .  The e n e r g y  b a n d s  u se d  
f o r  phantoms and human s u b j e c t s  were 1 ,3 6  -  1 ,5 6  MeV f o r  p o t a s s i u m  
-  40  and 1 .3 8  -  1 ,7 1  MeV f o r  p o t a s s i u m  -  4 2 ,  A Compton band 
o f  0 ,7 7  -  1 ,2 7  MeV was a l s o  u s e d  f o r  b o t h  i s o t o p e s  t o  c h eck  t h a t  
t h e r e  was no i n t e r f e r e n c e  from  o t h e r  r a d i o i s o t o p e s  w hich  m igh t  
have  b een  a d m i n i s t e r e d  p r e v i o u s l y .  S in c e  c o u n t i n g  s t a t i s t i c s
TABLE 1
TYPICAL COUIITING-HATES ADD CONSTANCY OP THE
BACKGROUND FOR BODY POTASSIUM MEASUREMENTS
P o t a s s i u m  -  40s 0 .9 7 3  opra /  gK
A OP o t a s s i u m  -  4 2 :  2 ,0 0 0  cprn /  / . iC i  K
CENTRE OR No. OF PERIOD OF MEAN BCD STD DEVIA'.DION (opm)
HOSPITAL MEASUREMENTS TIME (opm) TOTAL EXCESS
WESTERN INFIRMARY, 
GLASGOW
18 21. 2 . 6 8 -  
7. 7 .6 9
116 ,7 2 .57 0 . 8 9
SOUTHERN GENERAL, 
GLASGOW
31 11. 3.68'-  
25. 7 .6 8
1 1 1 .2 2 .57 1 , 0 s
WESTERN GENERAL, 
EDINBURGH
7 5 . 1 2 . 6 7 -
1 4 .1 2 .6 7
1 2 2 .5 2 .4 2
ROYAL INFIRMARY, 
EDINBURGH
28 14. 7 . 6 9 -  
24. 7 .69
1 1 6 .0 2 .3 8
8 . R . R . C . ,
EAST KILBRIDE
18 5. 8 . 6 8 -  
4.  8 .6 9
11 9 . 5 2 . 4 8 0 . 4 4
The e x c e s s  s t a n d a r d  d e v i a t i o n  was c a l c u l a t e d  by a s su m in g :  
( T o t a l  S . D . ) ^  “  ( s t a t i s t i c a l  S . D . ) ^  -f ( E x c e s s  S .D * )^ ,
I n  no c a s e  was t h e  e x c e s s  S.D, s i g n i f i c a n t l y  d i f f e r e n t  
from th e  s t a t i s t i c a l  S ,D. ( p > 0 . 2 ) .
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were  i n f e r i o r  to  t h o s e  i n  t h e  p h o to p e a k  r a n g e ,  t h e  r e s u l t s  from 
th e  Compton band w ere  n o t  used' i n  c a l c u l a t i n g  t h e  body p o t a s s i u m .
T o t a l  body p o t a s s i u m  was c a l c u l a t e d  f rom  th e  e q u a t i o n ;
s u b j e c t  4^]^ opm cpm/uCi phantom
k g  —         X ——    -: ------- ------- ------------
phantom  4^% cpm/gK cpm/uCi 4^x s u b j e c t
V a r i a t i o n  o f  t h e  c o u n t i n g - r a t e  w i t h  body b u i l d  was exam ined  u s i n g  
th e  r a t i o ;
cpra/uCi 4^k phantom
F = ----------------- -----------------------
cpm/^iCi k  s u b j e c t
T a b le  2 sum m arises  t h e  r e s u l t s .  R e g r e s s i o n  e q u a t i o n s  were  
computed  by th e  method o f  l e a s t  s q u a r e s  r e l a t i n g  th e  P v a l u e s  to  
t h e  w e i g h t  and h e i g h t  o f  t h e  s u b j e c t s .  The e q u a t i o n s  were  computed 
f o r  P w i t h  w e i g h t  (W) + h e i g h t  ( H) ,  w i t h  ( w / h ) ,  (V//h^) ,  (w/H^) and 
v/v//H*. F o r  t h e  s e x e s  i n d i v i d u a l l y  and combined  th e  m u l t i p l e  
r e g r e s s i o n s  o f  F on W + H w ere  c l e a r l y  t h e  b e s t  f i t  a n d ,  a s  th e  
e q u a t i o n s  o b t a i n e d  f o r  m a les  and  f e m a le s  s e p a r a t e l y  were  n o t  
s i g n i f i c a n t l y  d i f f e r e n t ,  t h e  s i n g l e  e q u a t i o n  P -  0 .0 9 1 4  + 3,323%
10 W(kg) 4- 4 -7 82  x 10 H(om) f o r  t h e  combined s e x e s  can  be u s e d .
The s t a n d a r d  d e v i a t i o n  from r e g r e s s i o n  o f  t h e  p r e d i c t e d  F v a l u e  
f o r  a s u b j e c t  o f  7 4 -8  kg  i n  w e i g h t  and 168 cm i n  h e i g h t  i s  3-3%.
The o v e r a l l  e r r o r  i n  m e a s u r i n g  t o t a l  body p o t a s s i u m  i n c l u d e s  
c o u n t i n g  s t a t i s t i c s ,  e r r o r s  i n  t h e  p o s i t i o n i n g  o f  phantoms and
T A B L E
TOTAL BODY POTASSIUM TOGETHER WITH OTHER
REr.EVA.HT - DATA
Case Age (Y rs) Wt (kg) l i t  (cm) E Valued T o ta l  K (g )
MALES
1 51 6 1 .2 169.1 1 .068 128.9
2 29 7 8 .0 177 ,8 1 ,149 135 ,15 28 7 4 .8 167,6 1 .128 138 .0
4 44 69.9 166 ,4 1 ,1 4 8 115 ,0
5 35 5 7 ,2 161.3 1 .108 127 ,86 59 7 6 .2 170 .8 1 ,205 132,8
7 38 8 4 ,8 180 ,3 1 ,287 158.68 23 7 0 ,0 172 ,7 1 ,105 134.99 23 7 2 ,0 172 .7 1 .169 160 ,110 29 7 1 ,0 167,6 1 ,147 111 .311 35 7 3 ,0 179,1 1 ,217 130 ,312 60 8 4 .0 171,5 1.299 156 .013 63 70 .8 173 ,0 1 ,1 3 5 100 ,514 34 55 ,7 172,1 1 .124 130 ,0
15 56 7 8 ,5 173 .4 1 . 2 a 139,116 49 66*5 166.1 1 .1 4 2 118 .9
17 58 61*6 177,8 1 .19 0 100 ,218 26 7 0 ,0 172.7 1 .059 140 .419 55 5 0 .8 163 .2 1 ,006 104 .720 • 56 57 ,1 165.1 1 .0 1 0 110,921 54 8 7 ,1 189 ,2 1 ,257 1 64 ,022 49 7 4 ,0 188.6 1 .244 1 38 .023 48 4 9 ,9 153 ,7 1 .022 8 9 ,524 35 7 3 .0 179,1 1,151 1 45 ,225 24 76 ,7 170,2 1 .167 145 .326 27 68 .7 180.3 1 .184 137,127 27 68 .7 180,3 1.177 134 ,928 54 8 6 .4 189,2 1 .246 166 .529 54 8 6 .4 189,2 1 ,2 8 2 165 .530 27 6 1 .7 169 .5 1 .133 146.631 27 61 .7 169.5 1 ,119 147 ,232 52 55 ,6 167,6 1 .047 9 9 ,733 28 6 8 .0 179,1 1 .172 148.734 28 6 8 ,0 179,1 1 .200 150,935 61 5 4 .4 167.6 1 ,029 9 5 .636 45 6 8 ,0 170.2 1 ,096 148 .0
37 27. 8 2 ,6 185 ,4 1 ,2 5 2 161,938 24 67 .1 177 ,2 1 ,164 151 ,739 64 7 1 .2 169,5 1 .141 132,9
*See Text
T A B L E  2
( COMTimJEP)
Case Age (Yrs) Wt (kg) Ht (cm) F Value* T o ta l  K (g )
FEMALES
1 43 4 9 .9 170 .2 1 .051 8 6 .72 24 9 9 .8 162.0 1 .198 9 8 .73 63 78 .0 158 .4 1 .1 4 8 6 1 .34 30 61 .5 161 .3 1 .0 2 2 8 7 .45 68 9 8 .4 158 .0 1 .2 0 8 8 9 .46 29 9 3 .4 154 .5 1.119 103 .87 33 4 0 .0 144 .8 0 .915 6 3 .28 43 62 .1 160 .0 1 .103 1 0 2 .29 53 4 4 .0 157.5 0 .999 6 4 .810 32 39 .5 152.4 1 .0 2 3 7 6 .311 43 6 9 ,4 170 .2 1 .1 9 4 9 5 .312 36 5 7 .0 163 .8 1 .0 2 2 7 2 .513 52 8 5 .1 157.5 1 .0 6 2 9 3 .014 58 8 3 .4 158.8 1 .067 9 8 .815 26 4 2 .2 147 .3 0.886 6 6 .5l 6 48 50 .2 152.4 0 .995 7 9 .517 46 50 .8 158 .8 0,986 7 8 .218 58 6 3 .5 148.6 1 .029 78 .619 51 6 1 .2 161 .3 1 .036 9 6 .220 58 8 2 .6 157.5 1 .123 103 .221 58 82 .6 157.5 1 .126 105 .122 26 5 2 .2 157 .5 1 ,013 9 0 .6
23 26 52 .2 157 .5 1,009 92 .924 57 8 4 .6 151.8 1 .12 2 9 2 .125 41 8 7 .3 158 .1 1 .119 97 .026 41 8 7 .3 158.1 1 .0 8 5 9 2 .727 61 4 0 .8 154.3 0 .981 75.928 60 5 2 .2 174 .0 1 .119 9 4 .6g9 44 7 4 .8 170.8 1 .179 101 ,330 64 4 9 .0 151.1 0.971 69 .9
^  See t e x t
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s u b j e c t ,  c o n s t a n c y  o f  t h e  b a ck g ro u n d  and t h e  t e c h n i c a l  e r r o r s  
i n  e s t i m a t i n g  t h e  F v a lu e »  The s t a t i s t i c a l  s t a n d a r d  d e v i a t i o n  
i n  m e a s u r i n g  p o t a s s i u m  -  40 was 0.6% f o r  t h e  phantom and 2.3% f o r  
a s u b j e c t  w i t h  I 40  gK. The c o r r e s p o n d i n g  v a l u e  f o r  p o t a s s i u m  -  
42 was 0 . 5% f o r  b o t h  t h e  phantom and t h e  s u b j e c t .  R e p e t i t i v e  
p o t a s s i u m  -  40 m easu re m e n ts  w i t h  t h e  phantom c o n t a i n i n g  1000 gK 
and w i t h  s u b j e c t  9 ( T a b le  3) gave an o b s e r v e d  s t a n d a r d  d e v i a t i o n  
w h ich  was n o t  s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  s t a t i s t i c a l  s t a n d a r d  
d e v i a t i o n .  I t  c a n  t h e r e f o r e  be c o n c lu d e d  t h a t  p o s i t i o n i n g  e r r o r s  
i n  b o t h  phantom and s u b j e c t  made' n e g l i g i b l e  c o n t r i b u t i o n s  t o  t h e  
o b s e r v e d  s t a n d a r d  d e v i a t i o n .  A s i m i l a r  c o n c l u s i o n  was o b t a i n e d  
w i t h  t h e  r a d i o i s o t o p e s  i n  t h e  phantom. The v a r i a t i o n  i n  b a c k ­
g ro u n d  c o u n t i n g - r a t e s  was a n a l y s e d  d u r i n g  e ac h  week o f  t h e  
c a l i b r a t i o n  s t u d y .  The s t a n d a r d  d e v i a t i o n s  o b t a i n e d  were n o t  
s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  s t a t i s t i c a l  s t a n d a r d  d e v i a t i o n s .
As t h e  b a ck g ro u n d  c o u n t i n g - r a t e  was m easu red  b e f o r e  and a f t e r  
e a c h  s u b j e c t ,  e r r o r s  due to  e x t r a n e o u s  c h a n g e s  i n  b ack g ro u n d  
s h o u l d  be  n e g l i g i b l e  o r  c o m p a r a t i v e l y  s m a l l .  The t e c h n i c a l  e r r o r s  
i n  e s t i m a t i n g  t h e  F v a l u e  i n c l u d e ,  t o g e t h e r  w i t h  p o t a s s i u m  -  42 
c o u n t i n g  s t a t i s t i c s ,  e r r o r s  i n  d i s p e n s i n g  th e  p o t a s s i u m  -  42 ,  i n  
c o l l e c t i o n  and a s s a y  o f  e x c r e t a  and i n  e s t i m a t i n g  t h e  r e s i d u e s .
An a n a l y s i s  o f  t h e s e  e r r o r s  s u g g e s t s  t h a t  th e  s t a n d a r d  d e v i a t i o n  
a s s o c i a t e d  w i t h  t h e s e  p r o c e d u r e s  i s  a b o u t  1%, t h i s  b e i n g  s i m i l a r  
t o  t h a t  e s t i m a t e d  by Hughes and W il l i a m s  ( 1 9 6 7 ) .  The s t a n d a r d
TABLE 3











WITH ESTIMATED F VALITE
1 3 6 months 164 .0 166.5 165.5 — 1 6 5 .3 1.3
2 3 9 months 99.0 1 0 3 .0 105 .1 - 102 .4 3.1
3 2 1 week 137 .1 1 3 4 .9 — 1 3 6 .0 1.6
4 2 1 week 146.6 1 4 7 .2 — 146 .9 1,3
5 2 1 week 148.7 150 .9 - — 1 4 9 .8 1.6
6 2 1 week 9 0 .6 9 2 . 9 — — 9 1 .8 1,6
7 2 1 week 92.7 9 7 .0 — — 9 4 .9 3 .0
8 2 1 week 124 .5 1 2 1 .9 - - 1 23 .2 1.8
WITH PREDICTED F VALUE
9 10 1 week HAKGEs 1 2 9 .4 — 138.4 132 .7 2.6
10 4 22 months 162.2 162.9 158 .6 1 7 1 .5 163.8 5 , 5
11 4 8 months 8 1 .0 85.8 9 1 .6 8 9 . 4 8 7 .0 4 , 6
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deviation in measuring body potassium by the administration of 
potassium - 42 to an individual is obtained by combining the 
statistical standard deviations of the phantoms containing 
potassium - 40 (o*6^) and potassium - 42 (o,5^), of the subject's 
potassium - 40 (2.3# for I40 gK) and potassium - 42 (0 .5#) (^ nd 
the standard deviation associated with the potassium - 42 
dispensing and other procedures (l.O#). The combined standard 
deviation is 2,7#*
The standard deviation from regression has two components;
(i) technical errors in the measurement of P and (ii) deviations 
of the true values of P from the regression (Burkinshaw, I9 6 7)*
Tho technical errors of measurement were summed and subtracted 
from the standard deviation from regression (3.3#), The corrected 
standard deviation of the predicted F was then 3.06#. The 
standard deviation from regression was much greater than the in­
strumental error and presumably reflected variations in body build. 
When the P value is predicted from the regression line, the 
standard deviation in measuring body potassium is obtained by 
combining the standard deviation of prediction (3*06 #) with the 
statistical standard deviation of the phantom containing potassium 
“ 40 (0 .6#) and of the subject's potassium - 40 (2.3# for I40 gK). 
The combined standard deviation is 3.9#*
The results of replicate measurements of body potassium in 
human subjects are summarised in Table 3# In subjects 1 to 8,
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the potassium - 42 calibration procedure was repeated and in 
subjects 9 to 11 body potassium was estimated from the potassium 
-40 counting-rate and the P value predicted from the derived 
relationship.
Body potassium estimates obtained in the five subjects 
measured both in the present counter and in the plastic scin­
tillator tilting-ohair whole body counter at Leeds ai'e summar­
ised in Table 4* The results agree within the errors estimated 
for both monitors.
DISCUSSION
It has been shown (Boddy 1967, King I9 6 7) that the counting 
statistics in measuring total body potassium in the human subject 
were as good as other high sensitivity monitors in Britain with 
the exception of the steel room monitor at Leeds Infirmary, 
particularly that using the large plastic scintillation detectors. 
There are, however, additional to the counting statistics, orher 
sources of error in calibrating whole body monitors ro take 
account of variation in the potassium - 40 oounting-rate with the 
habitus of individuals* The present procedure followed closely 
that of other workers comparing the counting-rates of potassium 
- 40 and administered potassium - 42 in human subjects with those 
from corresponding measurements in a phantom. The standard 
deviation of this method is obtained by combining the statistical
TABLE 4
TOTAL BODY POTASSIUM MEASURED IM MERLIN AND
LEEDS INFIRMARY WHOLE BODY MONITOR
SUBJECT
TOTAL BODY POTASSIUM (gK 4 1 (fgK)^ '
MERLIN LEEDS
MALES
1 162.2 t 6 .1 1 6 2 .2 ± 6 .6
2 1 3 0 .2 ± 5 .4 1 2 6 .1 ± 5 . 2
3 1 3 1 .5 ± 5 .4 1 2 9 .4 ± 5 .4
FEMALES
4 8 1 .0 ± 4 . 2 8 6 . 2 ± 3 .6
5 1 04 .7 ± 4 . 8 307.0 ± 4 . 4
^See Text
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standard deviations with the technical errors in the positioning 
of the subject and phantom s.nd with the errors in potassium - 42 
dispensing and associated procedures. In this study, the latter 
errors were comparatively small and from the data given, the 
standard deviation in measuring a subject with I40 glC by this 
method was 2,7#. This is similar to that estimated for other 
geometries. For the plastic scintillator chair-geometry and the 
multiple Hal detector stretcher geometry, Burkinshaw (1 96 7) 
gave the corresponding standard deviation as 3.2# in both geometries, 
Barnaby and Jasani (1 96 8) estimated a value of 3-4# for a large 
area liquid scintillation counter.
When the P value is predicted from the weight and height of 
the patient, these being readily and accurately obtainable, only 
a single whole body measurement is required, administration of a 
radioactive isotope is avoided and an estimate of the body potassium 
is provided more rapidly. However, the standard deviation of the 
potassium estimate is now greater, 3*9#, since it must include 
uncertainties associated with the prediction of P. This value 
can also be compared with those for other monitors derived in a 
similar manner. From measurements on 25 subjects, Burkinshaw 
(1 9 6 7) found that the corresponding values for the plastic 
scintillator chair and the Hal stretcher geometries were 3.6# 
and 2.8# respectively. Contrary to the present findings, the 
error for the Hal stretcher geometry is less than the error
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estimated for the calibration of individual subjects. A 
standard deviation of about 3,8# v/as found in I4 subjects by 
Barnaby and Jasani (1 9 6 8) with a large area liquid scintillation 
counter which is less than that of 5# estimated both by 
Oborhausen (1 96 6) with a 2 TC liquid scintillation counter and 
by Belwaide (1 9 6 9) with a 4'n plastifluor monitor. There is 
a significant discrepancy between the calibration data for the 
single detector tilting-chair geometries. Miller (1 9 6 2) found 
that the potassium - 40 counting-rate was virtually independent 
of body build and applying a constant calibration factor to 23 
subjects, estimated that the standard deviation was 2.7#*
Lorimer et al, (l9^5) ond Joyet and Baudraz (1 9 6 8), however, found 
that correlation of the calibration factor with body habitus was 
necessary and even then obtained standard deviations of about 9#,
It is evident that the present monitoring geometry and 
calibration procedure compare favourably with others whether the 
calibration factor is derived from the administration of potassium- 
42 or is predicted from the regression line. In these measure­
ments, factors such as counter stability and drift, reproducibility 
of positioning and variations in counting-rate with body build may 
contribute more to the total standard deviation than the counting, 
statistics, Burkinshaw (I9 6 7), by direct comparison of a plastic 
scintillator chair geometry with an adjacent multiple Nal 
detector stretcher geometry, estimated a similar standard deviation
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in both geometries after the administration of potassium - 42. 
When predicting the calibration factor, however, the standard 
deviation was lower in the stretcher geometry. Even when 
sequential measurements are made in the same subject, and the 
errors of calibration are avoided, the standard deviations are 
usually significantly greater than the statistical standard 
deviations because of the remaining factors (Burkinshaw 19&7, 
Delwaide I9 6 9). In the present monitor, the remaining factors 
do not contribute significantly to the total standard deviation, 
2.4# for sequential measurements on a subject with I40 gK,
The comparative measurements of body potassium in five 
subjects (Table 4 ) were made with monitors of quite different 
geometries and using apparently dissimilar regression lines for 
predicting the calibration factors. Excellent agreement between 
the two monitors was obtained and the estimated errors were 
similar.
The present study and others, including those to which 
reference has been made, emphasise that the measurement of body 
potassium is not simple and is subject to a variety of errors, 
the relative importance of which differ with the monitoring 
geometry but all of which must be considered in evaluating the 
performance of a whole body monitor.
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Total body potassium has been measured in 39 male subjects and 
30 female subjects using the potassium - 42 calibration technique* 
For a subject with I40 glC the total standard deviation was 2,7#«
A relationship was derived enabling the calibration factor to 
be predicted from a subject's weight and height and the total 
standard deviation associated with this measurement for a subject 
of 75 kg in weight and 168 cm in height with I40 glC was estimated 
as 3.9#'
The precision of the calibration and monitoring procedures 
were examined in detail with respect to technical errors associated 
with reproducibility and the stability of the background counting- 
rates, Replicate measurements of the total body potassium were 
made -with both the calculated calbration factors and those 
predicted from the regression line. It was evident that the 
monitoring geometry and calibration procedure compared favourably 
with that of other monitors.
Total body potassium was measured in 5 subjects in this 
present monitor and also, for comparison, in the Leeds whole 




THE PREDICTION OF TOTAL BODY POTASSIUM FROM
WEIGHT, HEIGHT AND AGE
INTRODUCTION
It is well recognised that indirect measurements, such as 
serum potassium or exchangeable potassium, are a poor reflection 
of the total body content of this mineral. In acute experimental 
depletion of potassium, the serum potassium level may show a 
relationship to the extent of the depletion (Black, 1953). In 
clinical practice, however,this relationship is poor (Moore et al* 
1 9 5 4, I955î Flear et al. 1957, Hughes et al. I9 6 7, Surveyor and 
Hughes 1968). The measurement of exchangeable potassium using 
potassium - 42 is subject to mixing errors, the total exchangeable 
potassium being estimated as varying from 92 to 98# of the total 
body potassium (Remenchik and Miller I9 6 2, Talso et al. I9 6 0).
Since a period of between 24 and 48 hours is required for the 
equilibration of the injected isotope with the natural body potassium, 
the procedure is inconvenient and the difficulties in collection 
and assay of excreta add to the intrinsic errors of the technique 
(Blainey et al,,1954)# A direct measurement of total body 
potassium can only be made using a high sensitivity whole body 
monitor. When the monitor has been calibrated, no radioisotope
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need be administered to the patient and the total body potassium 
is obtained rapidly, only a single measurement being required.
In general, the measurement of total body potassium is of 
clinical value only if the normal for the particular subject is 
known. When studying changes in body potassium due to varying 
clinical conditions or to treatment, the patient acts as his own 
control and a normal value for a particular patient is not required. 
Strictly, it is not even necessary to express total body potassium 
in absolute terms such as milliequivalents or grams. However, 
in certain clinical disorders it is of considerable significance 
to know if the total body potassium is different from that in the 
normal and to what extent. In order to predict the normal level, 
it is necessary to express the total body potassium in terms of 
body weight or of lean body mass which can be derived from total 
body water. Total body water can be measured by an isotope 
dilution technique using tritiated water or antipyrine. The 
clinical value of this technique is limited since it involves an 
equilibration time of 3 to 6 hours together with the collection 
and assay of either serial blood or urine samples. Recently, 
however,it has been shown that total body water and by extra­
polation lean body mass can be readily predicted from weight and 
height (Hume, I9 6 6). Since total body water and total body 
potassium are closely related (Moore et al.,1963), it seemed of 
interest to determine how well total body potassium could be
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predicted from weight and height (Boddy, King, Hume and V/eyers 
1970).
MATERIALS AND METHODS
Total body potassium has been measured in 103 subjects, 
comprising 49 males and 54 females. All were healthy members 
of the Reactor Centre staff or of the hospital medical and 
nursing staff and were on a normal diet and fuild intake at the 
time of the study. The age of the subjects ranged from 18 years 
to 77 years with a mean of 35 years in males and 36 years in 
females. The counting-rate in the potassium ~ 40 photopeak 
(1 ,3 6 - 1 .5 6 MeV) was converted to grams or milliequivalents of 
potassium using calibration data obtained previously (see Chapter 
VIII).
The total body water (T.B.W.) and lean body mass (L.B.M.) 
were calculated from the weight ( v / )  and height ( h )  of each subject 
according to the formula of Hume (1966) in a revised form (Hume 
and Weyers, 1970), The relationships are as follows;’
MALES; T.B.W. = 0.2968 W (kg) + O.I94B H (cm ) - I4 .OI29
FEMALES ; T.B.W. = O.I838 W (kg) f 0.3446 H (cm ) - 35*2701
where L.B.M. = T.B.W* x kg (pace and Rathbun, 1945*)
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RESULTS
The t o t a l  body p o t a s s i u m  ( T . B . K . )  t o g e t h e r  w i t h  r é v é l a n t  
p h y s i o l o g i c a l  d a t a  f o r  e ach  s u b j e c t  a r e  sum m ar ised  i n  T ab le  1*
T o t a l  p o t a s s i u m  p e r  k i l o g r a m  p r e d i c t e d  l e a n  body mass i s  a l s o  
g i v e n  f o r  e ac h  s u b j e c t .
The l i n e a r  r e g r e s s i o n s  o f  t o t a l  body p o t a s s i u m  i n  grams on 
w e i g h t ,  h e i g h t  and p r e d i c t e d  l e a n  body ,  w i t h  m ales  and f e m a le s  
t r e a t e d  s e p a r a t e l y  and a s  one g r o u p ,  were  c a l c u l a t e d  by th e  
method o f  l e a s t  s q u a r e s .  Age was t h e n  i n c l u d e d  a s  an  a d d i t i o n a l  
v a r i a b l e  and t h e  r e g r e s s i o n s  were  r e c o m p u te d .  I t  was found  t h a t  
th e  male  and f e m a le  g r o u p s  had  t o  be t r e a t e d  s e p a r a t e l y  s i n c e ,  
when th e y  were com bined ,  t h e  l i n e s  were s i g n i f i c a n t l y  d i f f e r e n t .  
Where a p p r o p r i a t e ,  t h e  s t a t i s t i c a l  s i g n i f i c a n c e  o f  a d d i t i o n a l  
v a r i a b l e s  was exam ined  by a s e q u e n t i a l  P -  t e s t .  The r e s u l t s  
a r e  summarised  i n  T a b le  2. There  was a h i g h l y  s i g n i f i c a n t  
c o r r e l a t i o n  b e tw e e n  t o t a l  body p o t a s s i u m  and th e  p r e d i c t e d  l e a n  
body mass which  v/as improved  when age was i n c l u d e d  i n  t h e  a n a l y s i s .  
The s t a n d a r d  d e v i a t i o n  from r e g r e s s i o n  was 7*5# o f  t h e  mean K f o r  
m a le s  and 7 . 7 #  o f  t h e  mean K f o r  f e m a l e s .  S i g n i f i c a n t  c o r r e l a t i o n s  
were  o b t a i n e d  w i t h  w e i g h t  and h e i g h t  s e p a r a t e l y  w h ich  were  t h e n  
im proved  by a m u l t i p l e  r e g r e s s i o n  o f  w e i g h t ,  h e i g h t  and a g e .  The 
s t a n d a r d  d e v i a t i o n  from r e g r e s s i o n  was 7 . 3 #  f o r  m a le s  and 7*7# 
f o r  f e m a l e s .
S i m i l a r  r e g r e s s i o n  e q u a t i o n s  were  c a l c u l a t e d  o f  t o t a l  body 
p o t a s s i u m  i n  grams p e r  k i l o g r a m  body wt ( g k / k g  B.Wt) on a g e ,
TABLE 1
TOTAL BODY POTASSIUM TOGETHER WITH
RELEVANT PHYSIOLOGICAL DATA








1 54 7 0 .0 1 5 6 .2 5 1 . 0 11 4 . 5 2 . 25
2 20 5 7 .0 1 7 1 .5 4 9 . 7 11 9 . 8 2 .41
3 24 7 2 .8 1 7 7 .8 57 .9 167.4 2 .89
4 30 5 3 .0 166*4 - 4 6 . 8 10 9 , 2 2 ,3 4
5 30 7 5 .0 1 7 4 .0 5 7 .7 148 .9 2 .58
6 44 5 4 .0 1 7 0 .2 4 8 . 2 1 1 6 .3 2 .4 2
7 30 6 2 .0 1 7 7 ,8 53 .5 1 5 2 . 2 2 .8 5
8 34 7 4 .0 1 6 7 .6 55 .6 149 .6 2 .6 9
9 26 6 4 .0 1 8 1 .6 5 5 . 3 1 6 5 . 3 2 .9 9
10 26 5 6 .7 1 6 1 .9 4 7 .1 107 .8 2 .2 9
11 58 5 5 .3 1 7 1 .5 4 9 . 1 1 1 1 .5 2 .27
12 25 6 8 .0 1 7 2 .7 5 4 . 5 144 .8 2 .66
13 25 8 0 .7 1 7 5 .3 60 .4 1 69 .9 2 .81
14 24 58 .6 1 7 9 .1 5 2 . 4 140 .5 2 .6 8
15 24 6 0 .9 1 7 4 .0 5 2 .0 14 4 . 8 2 .7 9
16 24 6 8 .0 1 7 9 .1 56 .2 143 .1 2 .54
17 24 6 9 .0 1 8 0 .3 5 7 .0 1 6 3 .3 2 .87
18 25 8 3 .5 1 8 4 . 2 6 3 .9 1 8 7 .5 2 . 9 3
19 24 7 8 .9 1 70 . 2 ' 5 8 . 3 152 .6 2 .6 2
20 43 5 9 .0 1 5 7 .5 4 6 . 8 97 .7 2 .0 9
21 51 6 1 .7 1 6 0 .7 4 8 . 8 10 4 . 8 2 . 1 5
TABLE 1








22 46 6 7 .6 17 0 .2 53 .7 13 6 .0 2 . 5 3
23 43 78 . 5 1 7 4 . 0 5 9 .2 146 .5 2 .4 8
24 22 52 . 0 1 7 0 .8 4 7 . 5 129 .6 2 .7 3
25 77 4 7 . 2 1 5 7 .5 4 2 . 0 90 .7 2 .16
26 31 8 0 . 7 1 7 5 . 5 6 0 . 5 167 .1 2 .77
27 35 7 4 .5 17 7 . 8 5 8 . 5 134 .6 2 . 3 0
28 35 70 .5 1 7 6 .5 56 .6 131 .6 2 .3 3
29 27 6 9 . 4 1 7 1 . 5 5 4 .8 120 ,1 2 . 19
30 64 73 .9 17 0 . 2 5 6 . 3 124 .1 2 .2 1
31 58 54 .4 151 .1 ' 4 3 . 2 8 8 .1 2 .0 4
32 65 6 2 .1 1 7 1 . 5 5 1 .8 107 .8 2 .08
33 43 8 1 .7 17 7 . 8 6 3 .5 15 8 . 3 2 .58
34 47 71 .7 177 .8 5 7 .4 13 5 . 3 2 .36
35 43 7 5 .3 18 4 . 2 6 0 . 6 160 .6 2 .6 5
36 43 80 .7 172 .7 59 .7 131 .9 2 .2 1
37 42 6 0 . 5 1 7 0 .2 5 0 .8 124 .0 2 .44
38 25 6 9 . 5 17 7 . 8 5 6 . 7 12 9 . 5 2 .2 8
■ 39 28 72.7 1 8 2 .9 5 9 . 3 15 3 . 3 2 .59
40 26 6 5 .9 17 7 . 8 5 5 . 1 156 .9 2 .85
41 38 6 1 .8 1 6 7 .6 50 .9 12 6 . 4 2 . 4 8 '
42 24 60*0 172 .7 5 1 . 3 131 .7 2 .57
43 23 8 5 . 4 19 1 . 8 66.  5 172 .7 2 .60
44 46 9 2 . 3 1 7 1 .5 63 .6 14 3 . 4 2 .2 6
45 26 6 5 . 4 1 7 4 . 0 5 3 .7 13 0 . 3 2 .4 3
46 21 6 3 .5 1 7 7 . 8 5 4 .1 151 .7 2 .8 0
47 20 6 9 . 9 1 7 5 . 3 5 6 . 0 1 6 2 .0 2 .89
TABLE 1








48 21 7 8 .0 181*6 6 1 . 0 172 .9 2 .8 3
49 22 6 5 . 3 167 .6 5 1 .3 130 .8 2 . 5 5
MEAN 35 68*0 1 7 3 . 2 5 4 . 6 1 3 8 . 1 2*52
FEMALES
50 23 62*4 1 6 9 . 0 4 7 . 2 10 7 . 2 2 .27
51 29 5 7 .0 161*3 4 2 .2 100 .2 2 .3 8
52 23 5 4 .0 1 6 3 .8 4 2 . 6 111 .4 2*62
53 23 4 5 . 4 15 6 . 2 3 6 .9 8 6 .9 2 .3 6
54 24 6 0 . 8 1 6 0 .0 4 2 .5 10 0 .2 2 .36
55 22 6 9 . 8 166*4 4 7 . 8 1 0 6 .0 2 .2 2
56 23 6 0 . 0 1 6 1 .3 4 2 . 9 10 1 .4 2 .36
57 25 50 .8 1 6 5 .1 4 2 .4 104 .5 2 .4 6
58 70 5 4 .4 1 5 4 .9 3 8 .5 7 8 .0 2 .0 3
59 38 6 3 .0 1 6 0 .0 4 3 . 1 9 5 . 6 2 .2 2
60 23 4 4 . 1 1 5 2 . 4 34 .7 8 0 .7 2 .3 2
61 25 4 9 . 4 1 5 8 . 8 39 .1 8 3 . 9 2 .1 5
62 23 6 0 . 3 168*9 4 6 . 6 10 5 .0 2*25
. ^3 23 6 9 .9 172 .7 5 0 .8 125 .2 2 .46
64 23 5 1 . 0 1 5 7 . 5 3 8 .9 9 1 . 9 2 .36
65 23 52 .2 1 6 2 .6 4 1 . 6 9 0 . 3 2*17
66 53 48 .1 1 5 7 .5 3 8 .1 8 3 . 0 2 .1 8
67 24 4 8 . 5 16 5 .1 4 1 . 8 96 .7 2 . 31
68 23 5 3 .1 15 4 . 9 3 8 .2 9 7 .1 2 .5 4
69 24 5 3 . 5 1 6 1 .3 4 1 . 3 8 5 . 5 2 .07
70 24 6 4 . 9 1 6 7 .6 4 7 . 1 1 0 2 .6 2 .1 8
71 20 6 4 . 0 162 .6 4 4 . 6 1 2 0 .6 2 .71
72 37 . 6 0 .8 16 5 . 1 4 4 . 9 9 7 . 3 2 .17
TABLE 1








73 29 62*8 1 6 5 .1 45*4 9 2 . 3 2 . 0 3
74 24 8 8 .0 1 6 8 .9 5 3 .6 108 .6 2 . 0 3
75 42 6 2 .1  ' 1 6 5 .1 4 5 . 3 8 9 . 0 1 .97
76 24 52 .6 1 6 3 .8 4 2 . 3 7 8 .9 1 .8 7
77 25 7 6 .7 1 8 2 .9 5 7 .3 134 .6 2 .3 5
78 59 5 7 .0 1 5 7 .5 4 0 . 4 8 1 . 5 2 .0 2
79 38 6 1 .2 1 6 1 .3 4 3 . 2 9 6 .3 2 . 2 3
80 21 5 5 .4 1 6 0 .0 4 1 . 2 9 9 . 9 2 .4 3
81 58 5 6 .3 15 1 .1 3 7 .2 77 . 1 2 .0 7
82 42 6 5 .3 1 4 7 . 3 37 .7 9 0 . 0 2 .3 9
83 62 6 5 .3 1 5 7 .5 4 2 . 5 8 6 .1 2 . 0 3
84 48 4 9 .9 1 6 2 .6 4 1 . 0 8 0 . 4 1 .96
85 41 5 0 .3 1 5 7 .5 3 8 .7 8 1 .4 2 .1 0
86 60 5 4 .0 15 3 . 7 3 7 .8 8 1 .6 2 .1 6
87 49 6 8 .5 15 6 .2 4 2 . 7 9 3 . 1 2 .1 8
88 57 6 6 .2 172 .7 4 9 . 9 9 6 . 8 1 . 9 4
89 60 6 4 .0 1 6 1 .3 4 3 . 9 8 1 . 3 1 . 8 5
90 60 6 2 .6 172 .7 4 9 . 0 9 0 . 5 1 .8 5
91 65 6 4 .0 16 6 .4 4 6 . 4 9 6 .1 2 .07
92 68 6 2 .1 15 6 .2 4 1 . 1 7 9 . 5 1 .9 4
93 72 4 7 .2 1 6 0 .0 3 9 .1 78 .9 2 .0 2
94 49 4 3 .1 148 .6 32 .7 78 .4 2 .4 0
95 21 6 2 .8 1 6 8 .9 4 7 . 2 1 0 7 .2 2 .27
96 34 5 5 .0 1 6 7 .6 44 • 8 1 0 1 ,7 2 .27
97 18. 4 9 .5 1 6 3 .8 4 1 . 7 103 .7 2 .4 9
98 24 . 6 1 .7 1 7 1 .5 4 8 . 2 116 .6 2 .4 2
TABLE 1





( k g ) gK gK/kgL.B.M.
FEMALES
99 19 4 8 .5 1 5 6 . 2 37 .6 9 4 .8 2 .5 2
100 18 5 7 .2 1 6 0 .0 4 2 . 0 8 9 . 5 2 .1 3
101 28 6 9 .9 17 1 . 5 5 0 . 2 1 3 1 . 3 2 .6 2
102 41 7 3 .5 17 1 . 5 5 1 . 1 1 2 3 .8 2 .5 4
103 30 6 1 .7 16 7 . 6 4 5 . 6 9 9 . 8 2 .19
MEAN 36 5 8 .7 1 6 2 .4 4 3 . 2 9 6 . 2 2 . 2 3
TABLE 2
CORRELATION OF TOTAL BODY POTASSIDK ( rK) WITH WEIGHT M , 
HEIGHT ( H ) ,  LEAH BODY ¥AS& (L .B .M .)  AMD AGE
INDEPENDENT
VARIABLES
CORRELATION COEFFICIENT STD DEV'N FROM REGRESSION 
( #  MEAN K)
MALES FEMALES MALES FEMALES
W 0 .6 8 8 0 . 5 9 4 1 2 . 3 1 1 . 9  '
H 0 .8 1 8 0 . 7 3 2 9 . 7 1 0 .1
W and H 0 .8 7 5 0 .7 6 5 8 . 3 9 . 6
\V,H and Age 0 .9 0 7 0 .8 5 7 7 . 3 7 . 8
LBM 0 . 8 3 0 0 .7 6 1 9 . 4 9 .6
LBM and Age 0 .8 9 7 0 .8 5 6 7 . 5 7 .7
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3 2weight. /  h e i g h t  and a l s o  w e i g h t  /  h e i g h t  , w e i g h t  /  h e i g h t  and
h e i g h t ^  /  w e i g h t  w i t h  a g e .  The r e s u l t s  a r e  summarised  i n  T ab le
3* A mean v a l u e  and s t a n d a r d  d e v i a t i o n  o f  2 .0 4  ^ 0 , 2 5  gK/kg
B.Wt was o b t a i n e d  f o r  male s u b j e c t s  and I . 6 5  -  0 .2 1  gK/kg B.Wt
f o r  f e m a l e s .  The c o r r e l a t i o n  o f  gK/kg B.Wt w i t h  age gave  a
s t a n d a r d  d e v i a t i o n  from r e g r e s s i o n  o f  a b o u t  10#, T h is  v/as
r e d u c e d  when f a c t o r s  i n v o l v i n g  w e i g h t  and h e i g h t  were  a l s o
i n c l u d e d ,
A n a lago u s  r e g r e s s i o n  e q u a t i o n s  were computed w i t h  gK/kg L.B.M, 
The mean v a lu e  and s t a n d a r d  d e v i a t i o n  o f  gK/kg L.B.M, was 2 .5 2  ^  
0 ,2 6  i n  male s u b j e c t s  and 2 ,2 3  ^  0 .2 1  i n  f e m a le  s u b j e c t s .  The 
s t a n d a r d  d e v i a t i o n  f rom  r e g r e s s i o n  o f  gK/kg L.B.M, on age was 
a b o u t  7*5# 8.nd was n o t  s i g n i f i c a n t l y  improved  by a d d i t i o n a l  
f a c t o r s  i n v o l v i n g  w e i g h t  and h e i g h t  ( T a b l e  4 )*
The e q u a t i o n s  s e l e c t e d ,  u s i n g  w e i g h t ,  h e i g h t  and a g e ,  were 
a s  f o l l o w s ;
MALES: gK O .9369Y/ ( k g )  f  1.3744% (cm) -  0 .4 7 2 8  Age -  147-0903
FEMALES; gK = 0.5773W (k g )  0 .8628H (cm) -  0 .3 5 4 0  Age -  65 ,2 6 02
The f i t  w i t h  l e a n  body mass and w i t h  o t h e r  r e l a t i o n s h i p s  o f  w e i g h t  
and h e i g h t  were a p p a r e n t l y  a s  good,
DISCUSSION
S i n c e ,  i n  a n o rm a l  male and fem a le  p o p u l a t i o n ,  t h e  t o t a l  body
TABLE 3
CORRELATION OF TOTAL BODY POTASSIUM PER KILOGRAM BODY 




CORRELATION COEFFICIENT STD DEV'N FROM REGRESSION 
MEAN gK/kg B.Wj
MALES FEMALES MALES FEMALES
None 1 2 .3 1 2 .7
Age 0 .6 1 3 0 . 606 1 0 .0 10.4
W/H^ 0 .7 2 1 0 .6 7 9 8 . 7 9 . 6
w/n^and Age 0 .8 2 6 0 . 8 0 5 7 .2 7 . 8
W/H^ and Age 0 .8 0 1 0 .8 2 9 7 . 6 7 .4
V//H and Age 0 .7 4 7 0 . 8 0 9 8 . 6 7 .7
H^/W and Age 0 . 8 4 0 0 .814 6 . 9 7 .7
Mean gK/kg B.W. =* 2 .0 4 m a l e s ,  I . 65 f e m a le s
TABLE 4
CORRELATION OF TOTAL BODY POTASSIUM P3R KILOGRAM LEAH 
BODY MASS (gK /k g  L . B . K . ) WITH AGE AND RATIOS OF 
WEIGHT (w) AND HEIGHT (Hi
INDEPENDENT
VARIABLES
CORRELATION COEFFICIENT STD DEV'N FROM REGRESSION
{# MEAN gK/kg L .B .M .)
MALES FEMALES MALES FEMALES
None 1 0 .3 9 . 4
Age 0 # 684 0 . 6 0 8 7 .6 7 . 5
w/ h - 0 . 3 4 8 0 .1 1 0 9 . 8 9 . 4
Vi' /H and Age 0 .6 9 7 0 ,6 1 2 7 .6 7 . 5
B^/W 0 .3 4 6 0 . 1 1 4 9 . 8 9 .4
H /\V and Age 0 . 6 9 9 0 .6 1 2 7 . 5 7 . 5
Mean gic/kg L.B.M. = 2 .5 2  M a l e s ,  2 .2 3  f e m a le s
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p o t a s s i u m  c o n t e n t  v a r i e s  g r e a t l y  w i t h  c h a n g e s  i n  body h a b i t u s  
and w i t h  age ( T a b l e  1 ) t h e  t o t a l  body p o t a s s i u m  e x p r e s s e d  a s  
an a b s o l u t e  f i g u r e  h a s  o n ly  l i m i t e d  w o r t h .  F o r  t h i s  r e a s o n ,  i n  
o r d e r  t o  d e f i n e  a "no rm al"  v a l u e  f o r  body p o t a s s i u m ,  i t  h a s  i n  
t h e  p a s t  b een  r e l a t e d  to  o t h e r  body m e a s u r e m e n ts ,  m ost  commonly 
body w e i g h t .  I t  i s  w e l l  e s t a b l i s h e d  from c a d a v e r  s t u d i e s  
( S h o h l  1939 » Widdowson e t  a l ,  I 95 I ,  F o rb e s  and Lewis 1956) t h a t  
body p o t a s s i u m  i s  most  c l o s e l y  r e l a t e d  to  t h e  l e a n  body mass o r  
f a t - f r e e  body w e i g h t .  The l e a n  body mass o f  an- i n d i v i d u a l ,  how­
e v e r ,  c an  o n ly  be d e r i v e d  i n d i r e c t l y  from c o m p l i c a t e d  body d e n s i t y  
s t u d i e s  ( s t e i n k a m p  e t  a l ,  1965? D urn in  a n d ’ Hahaman 196?)  o r  from 
th e  m easurem ent  o f  t o t a l  body w a t e r  w h ich  i s  c o n s t a n t l y  r e l a t e d  
to  l e a n  body mass (P a ce  and R a th b u n ,  1945)» R e c e n t l y ,  how ever ,  
i t  was shown t h a t  t o t a l  body w a t e r  and hence  l e a n  body mass can  
be p r e d i c t e d  w i t h  r e a s o n a b l e  a c c u r a c y  from h e i g h t  and w e i g h t  (Hume, 
, 1 9 66 ) .  I t  seemed o f  i m p o r t a n c e ,  t h e r e f o r e ,  t o  r e l a t e  t o t a l  body
p o t a s s i u m  to  su c h  r e a d i l y  o b t a i n a b l e  d a t a  a s  w e i g h t ,  h e i g h t ,  age 
a n d ■p r e d i c t e d  l e a n  body m ass .
The c o r r e l a t i o n  w i t h  l e a n  body mass and age  gave  a s t a n d a r d  
d e v i a t i o n  from r e g r e s s i o n  o f  a b o u t  7 .6 #  w h ich  was n o t  m a t e r i a l l y  
im proved  when w e i g h t ,  h e i g h t  and age were  t h e  u n r e s t r i c t e d  
i n d e p e n d e n t  v a r i a b l e s  ( T a b le  2 ) .  S i m i l a r  s t a n d a r d  d e v i a t i o n s  
from r e g r e s s i o n  w ere  o b t a i n e d  when gK/kg B.Wt was c o r r e l a t e d  
w i t h  age  and v a r i o u s  r a t i o s  o f  w e i g h t  and h e i g h t  ( T a b l e  3) and
8 5
when gK/kg L.B.M. was c o r r e l a t e d  w i t h  age  ( T a b le  4)* I n  th e  
l a t t e r  c o r r e l a t i o n ,  th e  i n c l u s i o n  o f  v a r i o u s  r a t i o s  o f  w e i g h t  
and h e i g h t  a s  a d d i t i o n a l  v a r i a b l e s  made no m a t e r i a l  im provem en t .
The n o rm al  t o t a l  body p o t a s s i u m  i n  a g i v e n  i n d i v i d u a l  c an  t h e r e ­
f o r e  be p r e d i c t e d  w i t h  a s t a n d a r d  d e v i a t i o n  o f  7 . 6 #  u s i n g  o n ly  
th e  w e i g h t ,  h e i g h t  and age o f  t h e  s u b j e c t .
At Leeds I n f i r m a r y ,  c o l l e a g u e s  Hughes e t  a l .  ( 1 9 67 ) and 
W i l l i a m s  e t  a l ,  ( 1 96 7 ) r e l a t e d  t o t a l  body p o t a s s i u m  to  l e a n  body 
mass d e r i v e d  from t h e  m easu rem en t  o f  t o t a l  body w a t e r .  The 
s t a n d a r d  d e v i a t i o n s  from r e g r e s s i o n  o b t a i n e d  were 6 , 4#  o f  th e  
mean i n  male s u b j e c t s  and 9 - 4 #  i n  f em a le  s u b j e c t s  w h ich  a r e  s c a r c e l y  
b e t t e r  t h a n  t h o s e  o b t a i n e d  i n  t h e  p r e s e n t  s t u d y  u s i n g  a p r e d i c t e d  
va].ue f o r  t o t a l  body  w a t e r  and  hence  l e a n  body m ass .  The mean 
v a l u e s  o f  2 ,5 2  -  0 ,2 6  gK/kg L.B.M, i n  m a le s  and 2 .2 3  ^  0 .2 1
gK/kg L.B.M. i n  f e m a le s  were  s i m i l a r  to  t h o s e  o b t a i n e d  by Hughes 
and c o l l e a g u e s  ( 1 9 6 7 ) o f  2 . 9 8  -  0 .2 0  gK/kg L.B.M, i n  m a les  a n d ,
i n  an  e a r l i e r ,  s t u d y ,  by A l l e n  e t  a l .  ( 1 9 6 0 ) o f  2 .5 6  and 2 .2 8  
gK/kg L.B.M. i n  m a le s  and f e m a l e s  r e s p e c t i v e l y  w i t h  s t a n d a r d  
d e v i a t i o n s  o f  a b o u t  5*6#. A l th o u g h  t h e s e  s t a n d a r d  a e v i a t i o n s  a r e  
a p p a r e n t l y  b e t t e r  t h a n  xhose  fo un d  b o t h  i n  t h e  p r e s e n t  s t u d y  and 
by Hughes and c o l l e a g u e s  ( 1967)5  a c o n t r i b u t a r y  f a c t o r  m ig h t  be 
t h a t  o n l y  one male and f e m a le  s u b j e c t  e x c e e d e d  42 y e a r s  o f  a g e .
The p r e s e n t  age  r a n g e  was from 20 -  77 y e a r s  i n  m a le s  and from 
18 -  72 y e a r s  i n  f e m a le s  and i n  t h e  s t u d y  by Hughes e t  a l ,  ( 1967 )
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was from 31 -  75 y e a r s  i n  m ales#
I n  o t h e r  s t u d i e s ,  e x c h a n g e a b le  body p o t a s s i u m  (K ^ ) h as  b e en  
c o r r e l a t e d  w i t h  l e a n  body m a s s .  C orsa  e t  aL  ( l 9 5 0 )  o b t a i n e d  a 
mean and s t a n d a r d  d e v i a t i o n  o f  55*4 ^ 4*1 m Eq K / k g  L.B.M,
from s i m u l t a n e o u s  m easu re m e n ts  o f  e x c h a n g e a b le  p o t a s s i u m  and t o t a l  
body w a t e r  i n  a g ro u p  o f  young  a d u l t  m a l e s .  I n  a s i m i l a r l y  homo­
g e n eo u s  g roup  o f  male  s t u d e n t s ,  c o r r e s p o n d i n g  v a l u e s  o f  6 2 .5  ^  2 . 9  
ra Eq Kg/kg L.B.M, were  o b t a i n e d ,  w h i l e  i n  norm al  male and fem a le  
p a t i e n t s  f i g u r e s  o f  59*7 ^ 8 , 5  ïïï Eq Kjjj/kg L.B.M, and 6 2 ,2  ^ 9 * 4  
m Eq K^/kg  L.B.M. were  found  r e s p e c t i v e l y  ( T a l s o  e t  a l , ,  i 9 60 ) .
The r e s u l t s  o f  T a l s o  e t  a l ,  ( 19 60 ) s u p p o r t  t h e  e a r l i e r  s u g g e s t i o n  
t h a t  t h e  age r a n g e  o f  t h e  s u b j e c t s  i n f l u e n c e  th e  s t a n d a r d  d e v i a t i o n  
o f  t h e  e s t i m a t e d  n o rm al  body p o t a s s i u m .  The s m a l l e s t  s t a n d a r d  
d e v i a t i o n  was o b t a i n e d  i n  t h e  s t u d e n t  g ro up  w i t h  an age  ra n g e  o f  
23 -  38 y e a r s .  I n  t h e  n o rm a l  p a t i e n t s  t h e  age r a n g e s  were I 4 -  75 
and 25 “ 82 y e a r s  i n  m a le s  and f e m a le s  r e s p e c t i v e l y .  I n  th e  
young  age  g r o u p s ,  t h e  s m a l l e r  s t a n d a r d  d e v i a t i o n  may r e f l e c t  an  
i n e v i t a b l y  more mesomorphic  g ro u p  w i t h  l e s s  p h y s i o l o g i c a l  v a r i a t i o n .  
S e v e r a l  i n v e s t i g a t o r s  have  r e l a t e d  no rm al  t o t a l  body p o t a s s i u m  
and e x c h a n g e a b le  p o t a s s i u m  t o  one body p a r a m e t e r  o n l y ,  t h a t  o f  
w e i g h t .  When age  was i n c l u d e d  i n  t h e  a n a l y s i s  o f  t o t a l  body 
p o t a s s i u m ,  s t a n d a r d  d e v i a t i o n s  o f  be tw een  11 and 19# were  o b t a i n e d  
(A n d e rso n  and Langham 1959» H e n e e ly  e t  a l ,  I 9 6 2 , O b e rh au sén  and 
O n s te a d  I 9 6 5 ) .  I n  t h e  a n a l y s i s  o f  e x c h a n g e a b le  p o t a s s i u m  and body
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w e i g h t ,  s t a n d a r d  d e v i a t i o n s  o f  be tw een  9 and 12# were  o b t a i n e d  
(Moore e t  a l ,  1954,  C o rsa  e t  a l ,  1950, B l a i n e y  e t  a l .  1954 and 
T a l s o  e t  a l .  I 96O).
N i c h o l s o n  and Z i l v a  ( I 9 6 4 ) a n a l y s e d  body c o n s t i t u e n t s  p e r  
k i l o g r a m  body w e i g h t  on t h e  b a s i s  o f  a " l e a n e s s  i n d e x "  (h  /w )  o r  
i t s  r e c i p r o c a l ,  and " o b e s i t y  i n d e x "  (w/H^) and fo u n d  t h a t  t h e y  
c o u ld  be u se d  to  p r e d i c t  n o rm a l  v a l u e s  o f  body c o n s t i t u e n t s  o v e r  
a wide  r a n g e  o f  body b u i l d .  I t  was s u g g e s t e d  t h a t  t h e s e  i n d i c e s  
gave t h e  b e s t  c o r r e l a t i o n  c o e f f i c i e n t s  i n  m easu rem en ts  i n v o l v i n g  
body f a t  ( F l e t c h e r ,  1 9 6 2 ) . F l e t c h e r  ( 1962 ) and Edwards and Whyte 
( 19 62 ) r e l a t e d  t h e  e s t i m a t e d  body f a t  t o  t h e s e  r a t i o s  and a l s o  to  
th e  r a t i o s  w/h^ and \V/H. F o r  c o m p a r i s o n ,  t h e  p r e s e n t  r e s u l t s  
(gK /kg  B.W t)were  c o r r e l a t e d  w i t h  t h e s e  r a t i o s  t o g e t h e r  w i t h  age 
( T a b l e  3) and a h i g h  d e g r e e  o f  c o r r e l a t i o n  was o b t a i n e d .  The 
f i n d i n g s ,  ho w ever ,  do n o t  s u g g e s t  a c l e a r  c u t  a d v a n t a g e  i n  f a v o u r  
o f  e i t h e r  o f  t h e  i n d i c e s  i n  no rm al  s u b j e c t s ,  o n ly  m a r g i n a l l y  
lo w e r  s t a n d a r d  d e v i a t i o n s  f rom r e g r e s s i o n  b e i n g  o b t a i n e d  w i t h  
H /\Y and age i n  m a le s  and w i t h  W/H and age  i n  f e m a l e s ,
T o ta ]  body p o t a s s i u m  p e r  k i lo g r a m  l e a n  body mass was a l s o  
c o r r e l a t e d  w i t h  age  and r a t i o s  o f  w e i g h t  and h e i g h t  ( T a b l e  4 )*
The improvement  i n  t h e  s t a n d a r d  d e v i a t i o n  from r e g r e s s i o n  i s  m ost  
marked w i t h  age a l o n e  w h e re a s  th e  c h an g es  w i t h  o t h e r  r e l a t i o n s h i p s  
o f  w e i g h t ,  h e i g h t  and age  a r e  l e s s  c o n s i s t e n t .
F i n a l l y ,  t h e  f i n d i n g s  have  been  compared w i t h  t h e  r e s u l t s  o f
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c a d a v e r  a n a l y s i s .  As i n d i c a t e d  by Widdowson e t  a l ,  ( 1951 ) ,  
few b o d i e s  a v a i l a b l e  f o r  s u c h  a n a l y s e s  would be s t r i c t l y  norm al  
and th e  r e s u l t s  r e q u i r e  c a u t i o u s  i n t e r p r e t a t i o n  i f  t h e y  a r e  to  
be u se d  a s  th e  b a s i s  o f  n o r m a l i t y .  With t h i s  r e s e r v a t i o n ,  i n  
a d u l t  b o d i e s  t h o u g h t  to  be f r e e  from any s e r i o u s  r e l e v a n t  d i s e a s e  
and i n  norm al  e l e c t r o l y t e  b a l a n c e ,  a v a l u e  o f  6 6 , 8  m Eq K/kg
L.B.M. was o b t a i n e d  by Shoh l  ( l 9 3 9 ) »  ^  v a l u e  o f  7 2 .8  m Eq IC/kg
L.B.M. by Widdowson e t  a l .  ( l 9 5 l )  *^ nd v a l u e s  o f  6 6 , 5  and 6 6 .6
m Eq K/kg L.B.M. by F o r b e s  and Lewis ( 1 9 5 6 ) .  These  a r e  i n
r e a s o n a b l e  a g re e m e n t  w i t h  t h o s e  o b t a i n e d  i n  t h i s  p r e s e n t  s t u d y  o f  
6 4 ,6  and 57 .2  m Eq k /  kg L.B.M. i n  m ales  and f e m a le s  r e s p e c t i v e l y .
SUMMARY
I n  c l i n i c a l  p r a c t i c e ,  t h e  m easurem ent  o f  t o t a l  body p o t a s s i u m  
may o n ly  be m e a n in g f u l  i f  t h e  "n o rm al"  f o r  a p a r t i c u l a r  s u b j e c t  
i s  known. T o t a l  body p o t a s s i u m  has  b e e n  m easu red  i n  103 norm al  
s u b j e c t s  and t h e  v a l u e s  o b t a i n e d  c o r r e l a t e d  w i t h  l e a n  body mass 
p r e d i c t e d  from t h e  w e i g h t  and h e i g h t  o f  t h e  i n d i v i d u a l  and w i t h  
v a r i o u s  r e l a t i o n s h i p s  o f  w e i g h t  and h e i g h t .  Age was t h e n  i n c l u d e d  
i n  t h e  a n a l y s i s  a s  an  a d d i t i o n a l  v a r i a b l e .  I t  was shown t h a t  t h e  
no rm al  t o t a l  body p o t a s s i u m  c a n  be p r e d i c t e d  w i t h  a s t a n d a r d  
d e v i a t i o n  from r e g r e s s i o n  o f  a b o u t  7*5# u s i n g  o n ly  t h e  w e i g h t ,  
h e i g h t  and age o f  t h e  s u b j e c t .
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CHAPTER X
THE MEASUREMENT OF BODY POTASSIUM IN 
CLINICAL DISORDERS
INTRODUCTION
Abnormal body p o t a s s i u m  l e v e l s  may be a s s o c i a t e d  v / i th  
v a r i o u s  d i s e a s e s ,  r e s u l t i n g  e i t h e r  from t h e  d i s e a s e  i t s e l f ,  o r ,  
i n d i r e c t l y ,  from th e  e f f e c t  o f  d r u g  t h e r a p y .  I n  o r d e r  t o  
i l l u s t r a t e  t h e  a p p l i c a t i o n  o f  th e  t e c h n i q u e s  d e s c r i b e d  i n  t h e  
p r e v i o u s  two c h a p t e r s ,  t h e  t o t a l  body p o t a s s i u m  s t a t u s  h a s  been  
i n v e s t i g a t e d  i n  t h r e e  d i f f e r e n t  c l i n i c a l  c o n d i t i o n s .
I t  h a s  b e en  known f o r  many y e a r s  t h a t  e l e c t r o l y t e  im b a la n c e  
may o u c u r  i n  p a t i e n t s  w i t h  r e n a l  im p a i rm e n t  ( P e t e r s  e t  a l ,  1929» 
P l a t t  1 9 5 0 » Schbch 1951)» and t h i s  was t h e  f i r s t  c o n d i t i o n  t o  be 
s t u d i e d ,  t o t a l  body p o t a s s i u m  b e i n g  m easured  i n  p a t i e n t s  w i t h  
c h r o n i c  r e n a l  f a i l u r e  and a l s o  i n  t h o s e  r e c e i v i n g  r e g u l a r  d i a l y s i s  
t h e r a p y .  A l th o u g h  serum c h an g e s  d u r i n g  h a e m o d i a l y s i s  have  b e en  
s t u d i e d  e x t e n s i v e l y  (Holmes e t  a l ,  I 958 » Gomty e t  a l .  19&4»
S e e d a t  I 9 6 8 ) ,  l i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  on th e  e f f e c t  o f  
a c u t e  o r  c h r o n i c  d i a l y s i s  on whole  body e l e c t r o l y t e s .
The seco n d  c l i n i c a l  c o n d i t i o n  i n  w h ich  p o t a s s i u m  s t a t u s  has  
b e en  i n v e s t i g a t e d  i s  r h e u m a to id  a r t h r i t i s ,  where  th e  e f f e c t  o f  
t r e a t m e n t  w i t h  d e p o t  t e t r a c o s a c t r i n  was s t u d i e d ,  T e t r a c o s a c t r i n
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i s  a s y n t h e t i c  p o l y p e p t i d e  and i t s  d u r a t i o n  o f  a c t i o n  h a s  b e e n  
p r o l o n g e d  beyond t h a t  o f  n a t u r a l  c o r t i c o t r o p h i n  (AGTH) by 
c o m p lex in g  t h e  a c t i v e  p o l y p e p t i d e  w i t h  z i n c  p h o s p h a t e  a s  d e p o t  
t e t r a c o s a c t r i n .  I n  t h e  t r e a t m e n t  o f  r h e u m a to i d  a r t h r i t i s  w i t h  
a m o d e ra te  d osa ge  o f  o r a l  c o r t i c o s t e r o i d s  o r  ACTH, an i n c r e a s e  
i n  th e  u r i n a r y  e x c r e t i o n  o f  p o t a s s i u m  may o c c u r  (Oopeman 1 9 5 3 ) ,  
b u t  d oes  n o t  u s u a l l y  r e s u l t  i n  h y p o k a la e m ia  o r  r e q u i r e  t h e  
a d m i n i s t r a t i o n  o f  p o t a s s i u m  su p p le m e n t  (West  1962 ,  Savage e t  a l .  
1962 ) .  P r e l i m i n a r y  t r i a l s  u s i n g  d e p o t  t e t r a c o s a c t r i n  have  
sbiov/n a c o n s i s t e n t  and h i g h l y  s i g n i f i c a n t  f a l l  i n  serum p o t a s s i u m  
and an i n c r e a s e  i n  u r i n a r y  e x c r e t i o n  o f  p o t a s s i u m  (Nuki e t  a l .
1970).
F i n a l l y , t o t a l  body p o t a s s i u m  h a s  b e en  m ea su re d  i n  a  g ro up  o f  
p a t i e n t s  f o l l o w i n g  b i l a t e r a l  u r e t e r o c o l i c  a n a s t o m o s i s  a s  a method 
o f  u r i n a r y  d i v e r s i o n .  The d e v e lo p m e n t  o f  h y p o k a la e m ia  f o l l o w ­
i n g  u r e t e r o c o l i c  t r a n s p l a n t a t i o n  was f i r s t  n o t e d  by F o s t e r  e t  a l ,  
( 1950 )# H y p e r c h lo r a e m ic  a c i d o s i s  i s  a c l i n i c a l  c o n d i t i o n  w i t h  
w h ich  c h r o n i c  p o t a s s i u m  d e f i c i e n c y  may be a s s o c i a t e d  (R e im er  e t  
a l ,  1 9 51 , C la r k e  e t  a l ,  1955) ^.nd i s  a r e c o g n i s e d  c o m p l i c a t i o n  
i n  I h i s  g ro u p  o f  p a t i e n t s  (S tam ey  1956, J a c o b s  and S t i r l i n g  I 9 6 2 ) .  
The h y p o t h e s i s  i s  t h a t  t h e  a c i d o s i s  i s  p r i m a r y  and t h a t  t h e  
p o t a s s i u m  d e f i c i e n c y  o f t e r  s e e n  i n  t h e s e  p a t i e n t s  can  be o b v i a t e d  
by a d e q u a t e  t r e a t m e n t  o f  th e  a c i d o s i s .
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MATERIALS AND METHODS
U s in g  th e  c a l i b r a t i o n  f a c t o r s  d e r i v e d  p r e v i o u s l y  (C hap te r  
V l l l ) ,  t h e  s u b j e c t  c o u n t i n g - r a t e  f rom t h e  p o t a s s i u m - 4 0  p h o t o -  
p eak  was e x p r e s s e d  a s  grams o f  p o t a s s i u m  w i t h o u t  t h e  a d m i n i s ­
t r a t i o n  o f  a  r a d i o i s o t o p e .  Prom t h e  w e i g h t ,  h e i g h t  and age 
o f  e a c h  p a t i e n t ,  a p r e d i c t e d  no rm al  v a lu e  f o r  t o t a l  body 
p o t a s s i u m  was c a l c u l a t e d  ( C h a p t e r  I3C), F o r  t]ie d i f f e r e n t  
c l i n i c a l  d i s o r d e r s  s t u d i e d ,  t h e  m easu red  t o t a l  body p o t a s s i u m  
v a l u e s  w ere  compared w i t h  t h e  p r e d i c t e d  v a l u e s  u s i n g  a p a i r e d  
S t u d e n t ’ s t  t e s t .  F o r  each  i n d i v i d u a l  p a t i e n t ,  t h e  m easu red  
v a l u e  v/as compared w i t h  t h e  p r e d i c t e d  v a lu e  a s  f o l l o w s ;
t  = I^P ~ ^ a |
SEE
where K ^ i s  t h e  p r e d i c t e d  v a lu e  
i s  t h e  a c t u a l  v a lu e  
SEE i s  th e  s t a n d a r d  e r r o r  o f  t h e  e s t i m a t e .
The s t a n d a r d  e r r o r  o f  t h e  e s t i m a t e  was c a l c u l a t e d  f o r  e a c h  
p a t i e n t  from th e  s t a n d a r d  d e v i a t i o n  from m u l t i p l e  r e g r e s s i o n ;
SEE = S J l  + l / H  + + Cggtzg  -  +
ZCgjCzg -  -  X])'
where  S i s  t h e  s t a n d a r d  d e v i a t i o n  from r e g r e s s i o n
0 t h e  v a l u e s  o f  t h e  i n v e r s e  sums o f  s q u a r e s  and p r o d u c t s  






are the mean independent variables
are the values of x for an individual patient.
The degrees of freedom for this significance test are (N— 4) 
where N is the number of results from which the regression 
equations were calculated (see Chapter IX),
Total body potassium was measured in 25 patients with chronic 
renal failure and in a further 32 patients who were also receiv­
ing regular dialysis therapy. Fourteen of the patients were 
undergoing chronic haemodialysis by means of a Kill dialyser, 
each of them dialysed for two 14-hour periods per week. The 
potassium concentration in the dialysate fluid was 3,0 mBq/litre 
and the flow rate was 50O ml/min. The remaining 18 patients 
were undergoing haemodialysis using a IColff twin-coil artificial 
kidney, each of them being dialysed for two 10-hour periods per 
week. The total dialysate volume was approximately I50 litres 
for each dialysis with a potassium concentration of 1 .0 mEq/litre, 
Ultra-flo 100 coils were used» Eleven of the patients being 
dialysed on the Kiil artificial kidney were monitored immediately 
before and after dialysis in order to measure any changes in the 
total body potassium,
. Nine patients with severe, active rheumatoid arthritis
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r e q u i r i n g  some form o f  c o r t i c o s t e r o i d  t h e r a p y  w ere  a d m i t t e d  
s i m u l t a n e o u s l y  t o  h o s p i t a l  f o r  one month.  The p a t i e n t s  were  
a l l  on a f i x e d  d i e t a r y  p o t a s s i u m  i n t a k e  o f  65 raEq/ 2 4  h o u r s  f o r  
a p p r o x i m a t e l y  3 d ay s  b e f o r e  b a s e l i n e  m easu re m e n ts  o f  p la s m a ,  
u r i n a r y  and t o t a l  body p o t a s s i u m  were  made. The p a t i e n t s  
r em a in e d  on t h i s  d i e t  t h r o u g h o u t  t h e  p e r i o d  o f  s t u d y .  These  
i n v e s t i g a t i o n s  were r e p e a t e d  I 4 d a y s  a f t e r  commencing i n t r a ­
m u s c u la r  t h e r a p y  w i t h  0 . 5  mg o f  d e p o t  t e t r a c o s a c t r i n  on 
a l t e r n a t e  d a y s  and t h e n  a g a i n  a f t e r  a f u r t h e r  I 4 d ay s  o f  t r e a t ­
ment d u r i n g  w h ich  t im e  t h e  p a t i e n t s  were  a l s o  r e c e i v i n g  a 
p o t a s s i u m  s u p p le m e n t  (S low -K ,  1 .2 g  t i d )  o r  a p o t a s s i u m  r e t a i n i n g  
d i u r e t i c  ( S p i r o n o l a c t o n e ,  50mg t i d ) .  The mean d a i l y  f a e c a l  
e x c r e t i o n  o f  p o t a s s i u m  was m easured  i n  one p a t i e n t ,  3 day  f a e c a l  
c o l l e c t i o n s  b e i n g  made d u r i n g  each  week o f  t h e  s t u d y .  One 
p a t i e n t  d i d  n o t  f i n i s h  t h e  c o u r s e  o f  t r e a t m e n t  and  t h e r e f o r e  
t h e  c o m p le te  d a t a  a r e  g i v e n  f o r  o n ly  8 s u b j e c t s .
T o t a l  body  p o t a s s i u m  was m easu red  i n  11 p a t i e n t s  w i t h  b i ­
l a t e r a l  u r e t e r o s i g m o i d a l  t r a n s p l a n t a t i o n .  I n  a l l  p a t i e n t s ,  
t h i s  was p e r f o r m e d  a t  l e a s t  s i x  months p r i o r  t o  t h e  p o t a s s i u m  
s t u d y .
At t h e  t im e  o f  m easu rem en t  a l l  p a t i e n t s  were  a c t i v e ,  . 
a m b u la n t  and w i t h  t h e  e x c e p t i o n  o f  t h e  p a t i e n t s  w i t h  r h e u m a to i d  
a r t h r i t i s ,  w ere  t a k i n g  a no rm al  d i e t  w i t h  f r e e  f l u i d  i n t a k e .
No p a t i e n t  was m easu red  d u r i n g  an e p i s o d e  o f  a c u t e  e l e c t r o l y t e
9 4
im b a la n c e  o r ,  a g a i n  v / i th  t h e  e x c e p t i o n  o f  t h e  p a t i e n t s  w i t h  
r h e u m a to i d  a r t h r i t i s ,  r e c e i v e d  any p o t a s s i u m  s u p p le m e n t  d u r i n g  
t h e  p e r i o d  o f  s t u d y .
RESULTS
The t o t a l  body p o t a s s i u m  and o t h e r  r e l e v a n t  d a t a  i n  p a t i e n t s  
w i t h  c h r o n i c  r e n a l  f a i l u r e  n o t  on r e g u l a r  d i a l y s i s  t h e r a p y  a r e  
sum m arised  i n  T a b le  1 ,  A p a i r e d  S t u d e n t ’ s t  t e s t  showed t h e  
d i f f e r e n c e  b e tw e e n  t h e  m ea su re d  t o t a l  body p o t a s s i u m  and th e  
p r e d i c t e d  v a l u e s  n o t  to  be  s i g n i f i c a n t  ( t  -  0 . 6 2 ,  P » 0 . 0 5 ) »  
However, t e s t i n g  t h e  p a t i e n t s  i n d i v i d u a l l y ,  t h e  t o t a l  body 
p o t a s s i u m  was found  t o  be lov/ i n  c a s e s  3» 4» 12 and 22 and t o  be 
h i g h  i n  o a s e s  10 ,  13 and 15 ( P < 0 . 0 5 ) .  The r e s u l t s  i n  p a t i e n t s  
w i t h  c h r o n i c  r e n a l  f a i l u r e  who were a l s o  r e c e i v i n g  m a in te n a n c e  
h a e m o d i a l y s i s  u s i n g  a K i i l  d i a l y s e r  a r e  summarised  i n  Table  2a 
and u s i n g  a K o l f f  t w i n - c o i l  d i a l y s e r  i n  T ab le  2b, The d i f f e r ­
ence  b e tw ee n  t h e  m easu red  and p r e d i c t e d  t o t a l  body p o t a s s i u m  was 
n o t  s i g n i f i c a n t  i n  t h e  f i r s t  g ro up  ( t  = 1 . 6 5 ,  P > 0 . 0 5 ) b u t  was 
s i g n i f i c a n t  i n  t h e  secon d  ( t  = 3 .1 9 ,  0 . 0 1 > P > 0 . 0 0 1 ) .  C ases  
2 and 5 i n  T a b le  2a and c a s e s  11 ,  I 4 , 15 &nd I 8 i n  T ab le  2b were  
fou nd  to  be d e p l e t e d  ( p < 0 . 0 5 ) .  T o t a l  body p o t a s s i u m  l e v e l s  
i m m e d ia t e l y  b e f o r e  and a f t e r  d i a l y s i s  on th e  K i i l  a r t i f i c i a l  
k i d n e y  a r e  g i v e n  in. T ab le  3. There  was no s i g n i f i c a n t  change  
i n  t h e  body p o t a s s i u m ,  e i t h e r  t r e a t i n g  t h e  g r o u p s  a s  a whole
TABLE 1
TOTAL BODY POTASSIUM AND OTHER RELEVANT DATA 
IN PATIENTS WITH CHRONIC RENAL FAILURE NOT ON DIALYSIS
MEASURED PREDICTED
CASE AGE WT (k g ) LBM (k g ) gK g K /k g  LBM gK gK/kgLBM
MALES
1 49 17 0 .2 7 4 .1 5 6 .3 125 .1 '2 .2 2 1 3 3 .0 2 .36
2 49 162 .6 7 3 . 5 4 9 . 8 131 .8 2 . 6 5 1 2 2 .0 2 .4 53 54 176 .5 7 7 .0 5 5 .7 117 .7 2 .1 1 1 4 2 .0 2 . 55
4 33 176 .5 6 8 . 6 52-8 11 2 . 8 2 . 1 4 144 .1 2 .7 3
5 37 177 .8 7 6 . 8 5 6 . 0 154 .9 2 .77 1 5 1 .7 2 .716 27 15 7 . 5 5 4 .8 4 1 . 9 100 .4 2 .4 0 1 0 7 .9 2 . 5 8
7 44 1 6 3 .8 5 8 .6 4 5 . 2 125.1 2 .7 7 1 2 1 .5 2 .6 98 16 158 .8 5 1 . 5 4 1 . 2 110 .5 2 .6 8 1 1 1 .8 2 .7 1
9 43 17 5 . 3 6 3 . 5 5 0 . 8 12 8 .1 2 .5 2 13 2 . 9 2 .6 210 34 17 1 .5 7 9 . 4 54 .7 171 .4 3 .1 3 14 6 .9 2 .6 911 47 179 .1 8 1 .2 5 7 .9 13 9 .0 2 . 4 0 1 5 2 . 9 2 . 6 412 75 176 .5 8 0 .7 5 6 . 8 1 12 .1 1.97 13 5 . 6 2 .3 9
FEMALES
13 54 141 .0 5 5 . 6 3 2 ,2 8 6 .4 2 .6 8 6 9 . 4 2 .1 6
14 23 15 7 .5 5 4 .9 3 9 . 8 9 8 .2 2 .4 7 9 4 . 2 2 .3 7
15 24 1 6 1 .3 51 . 7 4 0 . 8 1 1 2 .0 2 .7 5 9 5 . 3 2 .3 416 43 156 .2 70 .6 4 3 ,2 1 0 6 .3 2 . 46 9 5 .1 2 .2 0
17 52 153 .7 6 5 . 4 4 0 . 3 9 8 . 6 2 . 4 5 8 6 . 7 2 .1 518 68 15 7 . 5 7 3 . 4 4 4 . 3 8 4 . 8 1 .9 1 8 8 . 9 2 .0 1
19 46 17 4 . 0 61*5 4 7 .7 9 3 .9 1 .97 1 0 4 . 1 2 .1 820 61 15 4 .9 4 8 . 3 3 5 .8 7 8 . 8 2 .2 0 74 .7 2 .0 921 19 162 .6 6 1 .7 4 2 . 9 9 7 .7 2 .2 8 1 0 3 . 9 2 .4 222 58 1 6 0 .0 4 9 . 4 3 8 .2 5 5 . 4 1 .4 5 8 0 . 8 2 .1 223 38 149 .9 4 5 . 4 32 .8 7 6 . 0 2 .3 2 7 6 . 8 2 .3 4
24 39 15 6 .2 5 9 . 0 39 .5 9 4 .1 2 . 3 8 8 9 . 8 2 .2 7
. 25 51 151 .1 5 6 .7 3 6 .7 8 6 .6 2 .36 7 9 . 8 2 .17
C o m p a ir in g  MEASURED gK w i t h  PREDICTED gK t  =  0 . 6 2  ( P ^ O . 0 5 )
TABLE 2 a
TOTAL BODY POTASSIUM AND OTHER RELEVANT
DATA IN PATIENTS WITH CHRONIC RENAL
FAILURE ON REGULAR DIALYSIS THERAPY
MEASURED PREDICTED
CASE AGS HT (cm) m  ( W _ LBM(kg) ....gK _ gK/kg LBM gK gK/kgLBM
MALES
1 38 1 6 7 .6 6 5 . 3 4 8 . 8 1 2 0 .2 2 . 46 1 2 6 .4 2 . 5 9
2 36 18 9 . 2 , ? 9 . 7 6 4 . 1 149 .7 2 .3 4 17 9 . 9 2 .8 1
3 29 1 68 .9 5 9 . 4 4 7 . 3 131 .7 2 .7 8 1 2 6 .9 2 .6 8
4 45 175 .3 7 5 . 3 5 4 .7 138 .7 2 .5 4 14 3 .1 2 .6 2
5 24 166 . 4 5 9 .4 4 6 . 4 9 5 . 2 2 . 0 5 1 2 5 .9 2 . 7 1
6 37 175 .3 6 5 . 3 51 .4 140 .9 2 .7 4 1 3 7 .5 2 .6 8
7 33 174 .6 5 7 . 5 4 8 . 6 1 12 .6 2 . 3 2 13 1 . 1 2 . 7 0
8 ^1 172 .7 7 3 . 5 5 3 .2 129 .7 2 .4 4 139 .7 2 .6 3




42 156 .2 5 0 . 3 3 6 .9 8 8 .7 2 .4 0 8 3 .7 2 .27
11 30 15 2 .4 4 5 . 4 3 3 . 9 7 1 .3 2 .1 0 8 1 . 8 2 .4 1
12 43 165 .1 53 .5 4 1 . 6 108 .7 2 .6 1 9 2 . 9 2 .2 3
13 23 151 .1 5 0 . 3 3 4 .8 8 5 .1 2 .4 5 8 6 . 0 2 .4 7
14 35 153 .7 4 5 . 8 3 4 .5 8 3 .6 2 . 4 2 8 1 . 4 2 . 36
C o m p a ir in g  MEASURED gK w i t h  PREDICTED gK t  = I . 65  ( P > 0 . 0 5 )
TABLE 2 t
MEASURED PREDICTED
CASB AGE HT (cm) WT_.(kg) ( k g l gK gK/kg LBM gK gK/kgLBM
MALES
1 39 166*4 6 9 .4 53 .4 1 1 1 .2 2 . 0 8 1 2 8 .1 2 . 4 0
2 29 1 7 7 .8 6 4 . 4 5 4 . 4 141 .6 2 .6 0 1 4 3 .8 2 . 6 4
3 43 1 8 2 .9 6 5 . 3 5 6 .2 14 0 . 3 2 .5 0 145 .1 2 . 5 8
4 41 170 . 2 5 5 . 1 4 8 . 6 11 4 . 5 2 .36 1 1 9 . 0 2 . 4 5
5 39 162 .6 5 2 . 8 4 5 . 7 1 0 4 . 3 2 .2 8 1 0 7 .4 2 .3 5
6 23 167 .6 5 6 . 3 4 8 . 4 118 .9 2 .46 125 .1 2 . 5 8
7 27 1 7 0 .2 5 9 . 4 5 0 . 4 138 .1 2 .7 4 12 9 .7 2 . 5 7
8 26 1 7 7 .8 6 0 . 8 5 3 .0 132 .4 2 .5 0 14 1 .9 2 . 6 8
9 34 167 .6 5 2 . 8 4 7 . 0 123 .9 2 .6 4 116 .6 2 . 4 8
10 40 1 6 1 .3 54 .7 4 6 . 1 12 0 . 4 2 .6 1 1 0 6 .9 2 . 3 2
11 33 1 7 7 .8 5 7 .6 4 9 . 7 1 1 5 . 3 2 .32 135 .6 2 . 7 3
12 26 1 7 7 .8 6 8 . 5 5 3 .3 13 9 . 0 2 .6 1 14 9 . 1 2 . 8 0
13 40 172 .7 6 1 .7 4 9 . 3 113 .1 2 .29 1 2 9 .1 2 . 6 2




38 166*4 53 .5 4 3 . 7 7 8 .9 1 . 8 1 9 5 . 8 2 . 1 9
16 31 1 6 3 .8 4 6 . 7 4 3 . 5 8 0 . 4 1 .85 9 2 . ’ 2 . 1 2
17 31 1 6 3 .8 4 8 . 0 4 1 . 1 8 4 . 2 2 .0 5 9 2 . 8 2 .2 6
18 20 1 67 .6 5 1 . 3 4 3 . 7 8 6 .6 1 . 9 8 10 1 .9 2 . 3 3
C o m p a ir in g  MEASURED gK w i t h  PREDICTED gK t  = 3 . 1 9  ( O . O l > P > 0 . OOl )
TABLE 3
TOTAL BODY POTASSIUM BEFORE AND
AFTER DIALYSIS
POTASSIUM (g )
CASE BEFORE DIALYSIS AFTER DIALYSIS
1 8 8 .7 8 8 . 4
2 1 2 0 . 2 11 6 .4
3 — 1 4 9 •7 1 5 0 . 2
4 131 .7 128 .1
5 138 .7 137 .7
6 95 .2 9 3 . 3
7 14 0 . 9 1 4 4 .4
8 112 ,6 1 1 7 . 8
9 129 .7 1 3 5 .0
10 ■ 7 1 . 3 7 3 .1
11 10 7 . 0 9 9 . 8
t  « 0 . 1 2 (p:%>o.o5)
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( t  -  0 , 1 2 ,  P > ^ 0 , 0 5 ) ,  o r  i n  t h e  i n d i v i d u a l  c a s e s .
Tab le  4 su m m ar ises  t h e  r e s u l t s  o f  t o t a l  body p o t a s s i u m  
m easu rem en ts  t o g e t h e r  w i t h  o t h e r  r e l e v a n t  d a t a  i n  p a t i e n t s  w i t h  
rh e u m a to id  a r t h r i t i s ,  A p a i r e d  t  t e s t  showed t h e  m easured  
t o t a l  body p o t a s s i u m  t o  be s i g n i f i c a n t l y  l e s s  t h a n  th e  p r e d i c t e d  
v a l u e s  f o r  t h e s e  p a t i e n t s  ( t  -  2 , 6 3 ,  0 . 0 5 > P > 0 , 0 2 ) .  T e s t i n g  
t h e  r e s u l t s  i n d i v i d u a l l y ,  o a s e s  2 and 9 were  found  to  be d e p l e t e d  
( P < 0 . 0 5 ) .  The f a e c a l  and  u r i n a r y  p o t a s s i u m  l e v e l s  d u r i n g  t r e a t ­
ment w i t h  d e p o t  t e t r a c o s a c t r i n  a r e  g i v e n  i n  T a b le  5 8.nd t h e  t o t a l  
body  p o t a s s i u m  and p la sm a  p o t a s s i u m  i n  T a b le s  6 and 7 r e s p e c t i v e l y .  
A f t e r  b o t h  t h e  f i r s t  and seco n d  two weeks o f  t r e a t m e n t  t h e r e  was 
no s i g n i f i c a n t  change  i n  t h e  t o t a l  body p o t a s s i u m  ( P > 0 , 0 5 ) .  
However, t h e  f a l l  i n  t h e  p la sm a  p o t a s s i u m  was h i g h l y  s i g n i f i c a n t  
a f t e r  t h e  f i r s t  two weeks o f  t r e a t m e n t  ( t  = 6 . 3 6 ,  P < 0 . 0 0 1 )  and 
t h e  l e v e l s  d i d  h o t  change  i n  t h e  second  two weeks o f  t h e  s t u d y  
( t  « 1 . 8 8 ,  P > 0 . 1 0 ) ,  The p o t a s s i u m  b a l a n c e  i n  t h e s e  p a t i e n t s  
d u r i n g  th e  p e r i o d  o f  t r e a t m e n t  i s  shown i n  F i g u r e  1 ,  Assuming 
t h e  f a e c a l  p o t a s s i u m  l o s s  i n  c a s e  6 to  be a r e a l i s t i c  e s t i m a t e  
o f  t h e  l o s s  i n  t h e  g rou p  a s  a w h o le ,  good a g re e m e n t  ( t o  w i t h i n  
f: 5-8^0 was o b t a i n e d  b e tw e e n  th e  p o t a s s i u m  i n t a k e  and o u t p u t .
The s t u d y  d i d  n o t  t a k e  p l a c e  i n  a m e t a b o l i c  u n i t  and t h i s  a g r e e ­
ment  i n d i c a t e s  t h e  d e g r e e  o f  p a t i e n t  c o - o p e r a t i o n  t h a t  was 
o b t a i n e d .
. T o t a l  body p o t a s s i u m  t o g e t h e r  w i t h  o t h e r  r e l e v a n t  d a t a  i n
TABLE 4
TOTAL BODY POTASSIUM IN  RHEUMATOID
ARTHRITIS
MEASURED PREDICTED
CASE AGE HT (cm) WT (kg ) LBM ( k g ) gK gK/kg LBM gK gK/kg LBM
NÎALES
1 57 1 67 .6 5 2 .8 4 4 . 7 9 6 .0 2 .15 10 5 . 7 2 .3 6
FEMALE;
2 46 151 .1 3 9 .4 31 .5 56 .1 1 .7 8 71 .6 2 .27
3 49 154 .9 5 0 .4 3 6 .3 8 8 .5 2 . 44 8 0 . 1 2 .2 1
4 23 170 .2 5 6 . 1 4 4 . 5 9 1 .5 2 .0 6 1 0 5 .8 2 .3 8
5 51 158 . 8 5 9 .3 4 0 . 7 8 1 .2 2 .0 0 8 7 . 9 2 .1 6
6 53 168 .9 6 6 , 5 4 7 . 0 100 .8 2 .15 1 0 0 .1 2 . 1 3
7 65 152 .4 6 1 .2 3 8 . 5 77 .5 2 .01 7 8 .6 2 .0 4
8 53 1 6 1 .3 9 1 . 7 5 1 .3 9 5 . 4 1 .86 1 0 8 . 1 2 .1 1
9 46 157 .5 5 8 .5 39 .9 7 0 .8 1 .77 8 8 .1 2 .2 1
C o m pa i r ing  MEASURED gK w i t h  PREDICTED glC t  -  2 .6 3  ( 0 . 0 5  > P  > 0 . 0 2 )
TABLE 5
FAECAL AND URINARY POTASSIUM DURING
TREATMENT WITH DEPOT TETRACOSACTRIN
WEEK OF 
TREATMENT
MEAN FAECAL K 
_ _(raSq/day)
MEAN URINARY K 




3 7 .5 — 83 *
4 16.8 45 +
* I n  5 p a t i e n t s  on Slow K 
^ I n  3 p a t i e n t s  on S p i r o n o l a c t o n e  
Mean f a e c a l  K m easu red  i n  c a s e  6 o n ly
TABLE 6
TOTAL BODY POTASSIUM IN PATIENTS WITH. 
RHEUMATOID ARTHRITIS BEFORE, DURING AND AFTER 
TREATMENT WITH DEPOT TETRACOSACTRIN
CASE glC PRE-TREATMENT
gK AFTER 1ST 2 
WEEKS TREATMENT
gK AFTER 2ND 2 
WEEKS TREATMENT
A B G
1 * 9 6 .0 9 7 .5 9 4 .5
2 + 5 6* 1 5 6 .4 5 6 .6
3 * 8 8 . 5 8 5 .1 8 7 .7
4 * 9 1 . 5 9 1 .8 9 2 .6
5 * 8 1 .2 8 1 .0 8 7 .8
6 ^ 1 0 0 .8 9 2 .9 104 .4
7 + 7 7 .5 7 4 .6 7 6 .8
8 + 9 5 .4 8 7 .2 8 5 .0
MEAN 8 5 .9 8 3 .3 8 5 .7
* Slow K ( l . 2 g  t i d  -  48 mEqK/day ) 
S p i r o n o l a c t o n e  (^Omg t i d )
C o m p a i r in g  g ro up  A w i t h  B t  = 1 .9 2  ( p > 0 . 0 5 )
B w i t h  C t  = 1 .4 0  ( P > 0 . 1 0 )
A w i t h  G t  « 0 .1 2  ( P > 0 . 1 0 )
TABLE 7
PLASMA POTASSIUM BEFORE AND DURING
TREATMENT WITH DEPOT TETRACOSACTRIN
CASE
PRE-TREATMENT 
PLASMA K ( raE q / l )
MEAN VALUE DURING 
1 s t  2 WEEKS OF 
TREATMENT (m S q / l )
MEAN VALUE DURING 
2nd 2 WEEKS OF 








2 + 3.7 2 . 8 2.6
3 * 3.8 3 .3 3.5
4 3 .9 3.6 3.4
5 * 3.8 3.3 3 .9
6 ^ 3.6 3.3 3.7
7 + 3.6 3.2 3.0
8 +" 3 .9 3 .2 3 .2
MEAN 3.8 3.3 3 .4
*  Slow K ( l . 2 g t i d  -  48  mEqK/day)
^ S p i r o n o l a c t o n e  ( 50mg t i d )
C o m p a i r in g  g roup  A w i t h  B t  = 6 .3 6  ( P < 0 . 0 0 1 )
B w i t h  C -t = 1 . 8 8  ( P > 0 . 1 0 )
A w i t h  C t  = 2 .8 7  ( 0 . 0 5 > P > 0 . 0 2 )
DIAGRAM OF POTASSIUM BALANCE DURING
TREATMENT WITH DEPOT TETRACOSACTRIN




175 mEq 644  mEq
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TOTAL
b)  I n  p a t i e n t s  r e c e i v i n g  
S p i r o n o l a c t o n e
819 raSq
B a la n c e  d u r i n g  second  2 weeks
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Assuming S p i r o n o l a c t o n e  does  n o t  e f f e c t  f a e c a l  K l e v e l s
96
p a t i e n t s  w i t h  c o l o n i c  u r i n a r y  d i v e r s i o n s  a r e  g i v e n  i n  T ab le  8# 
A l th o u g h  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  b e tw ee n  th e  
m easu red  and p r e d i c t e d  t o t a l  body p o t a s s i u m  ( t  = 0*57» P 0 , 0 9 ) ,  
t e s t i n g  the  p a t i e n t s  i n d i v i d u a l l y  showed t h e  p o t a s s i u m  l e v e l  t o  
be lov/ i n  o a s e s  6 and 7 (P ~ 0 , 0 9 ) 8.nd t o  be h i g h  i n  c a s e s  3 ,  4 
and 9 ( P < 0 . 0 9 ) .
DISCUSSION
An e v a l u a t i o n  o f  t h e  p o t a s s i u m  s t a t u s  o f  p a t i e n t s  w i t h  
c h r o n i c  r e n a l  d i s e a s e  has  dep en ded  on serum p o t a s s i u m ,  e x c h a n g e ­
a b l e  p o t a s s i u m  o r  m usc le  b i o p s y  a l l  o f  w hich  a r e  s u b j e c t  t o  
c o n s i d e r a b l e  u n c e r t a i n t y  when e x t r a p o l a t i o n  i s  made t o  t o t a l  
p o t a s s i u m  c o n t e n t .  I n  t h e  p r e s e n t  s t u d y ,  whole  body p o t a s s i u m  
was m easured  d i r e c t l y  i n  a g rou p  o f  p a t i e n t s  w i t h  c h r o n i c  r e n a l  
f a i l u r e  and compared w i t h  t h e  e x p e c t e d  v a l u e s ,  t h e  r e s u l t s  were  
low i n  16^ o f  t h e  s u b j e c t s  s t u d i e d  and were  h i g h  i n  12^.  Moore 
e t  a l ,  ( 1994 ) s t a t e  t h a t  an  e l e v a t i o n  i n  t h e  serum p o t a s s i u m  
c o n c e n t r a t i o n  i s  a f e a t u r e  commonly a s s o c i a t e d  w i t h  c h r o n i c  r e n a l  
d i s e a s e  and fo u n d  t h a t  t h e  e x c h a n g e a b le  p o t a s s i u m  was c o n s i d e r ­
a b ly  lo w er  t h a n  i n  h e a l t h y  s u b j e c t s  even  th ou g h  a h i g h  serum 
p o t a s s i u m  c o n c e n t r a t i o n  c o e x i s t s .  However,  L e a f  and Camera 
( 1 94 9 ) SLud B e r l i n e r  e t  a l ,  ( 1 9 9 0 ) found  t h a t  h y p e r k a l a e m i a  i s  
r a r e l y  a  f e a t u r e  o f  c h r o n i c  r e n a l  f a i l u r e  due t o  t h e  a b i l i t y  o f  
t h e  d i s e a s e d  k i d n e y  t o  m a i n t a i n  p o t a s s i u m  e x c r e t i o n  a s  a r e s u l t
TABLE 8
TOTAL BODY POTASSIUM AFTER
URETEHOSIGMOIDOSTOMY
MEASURED PREDICTED
CASE AGE HT (cm) WT ( k g ) LBM ( k g ) gK gK/kg LBM gK gK /kg  LBM
MALES
1 52 1 6 2 .6 4 6 . 2 4 0 . 8 1 0 5 .1 2 .5 8 9 5 .0 2 .3 3
2 53 1 7 4 .7 6 6 . 4 5 1 .5 1 4 3 .8 2 .7 9 1 3 0 .1 2 .5 3
3 66 1 5 7 .5 5 2 .5 4 1 . 1 1 0 4 .4 2 .5 4 8 7 .3 2 .1 2
4 63 1 5 4 .9 3 9 .6 3 6 .0 9 5 ,0 2 .64 7 3 .1 2 .0 3
î? 56 1 5 6 .2 6 5 . 9 4 5 .1 1 2 5 .0 2 .7 7 1 0 2 .8 2 .2 8
6 63 1 7 1 .5 7 4 .6 5 3 .1 1 0 9 .0 2 .0 5 1 2 8 .7 2 .4 2
7 54 1 7 4 .0 8 7 . 5 5 8 .2 1 2 4 .6 2 .14 1 4 8 .5 2 .5 5
8 64 1 7 4 .0 8 0 .3 5 5 .8 1 44 .2 2 .5 8 1 3 7 .0 2 .4 6
9 72 1 7 4 .0 88iO 5 8 . 4 1 28 .1 2 .1 9 1 4 0 .4 2 .4 0
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o f  t u b u l a r  s e c r e t i o n .  I t  i s  f e l t  t h a t  such  t u b u l a r  s e c r e t i o n  
may c o n t r i b u t e  t o  th e  d e v e lo p m e n t  o f  p o t a s s i u m  d e f i c i e n c y  i n  
p a t i e n t s  w i t h  ad v anced  r e n a l  d i s e a s e  (S c h o c h ,  1951)* F u r t h e r ­
m o re ,  i n  t h e s e  o a s e s ,  i t  i s  p o s s i b l e  t h a t  t h e r e  nay  be en hanced  
f a e c a l  e x c r e t i o n  o f  p o t a s s i u m  (Hayes and R o b in so n ,  1 96 5 ) .
Graham e t  a l ,  ( l 9 7 0 )  foun d  t h e  i n t r a c e l l u l a r  w a t e r  and p o t a s s i u m  
c o n t e n t  o f  s k e l e t a l  m u sc le  b i o p s y  i n  p a t i e n t s  w i t h  r e n a l  i m p a i r ­
ment rem a in e d  a lm o s t  no rm al  e x c e p t  f o r  t h e  r e d u c t i o n  o f  c e l l  
p o t a s s i u m  c o n t e n t  i n  t h e  o c c a s i o n a l  p a t i e n t .  The v a r i a t i o n  i n  
t h e  p r e s e n t  r e s u l t s  would  seem to  c o r r o b o r a t e  t h e  f i n d i n g s  o f  
t h e s e  o t h e r  w o r k e r s .  The r e s u l t s  a r e  b e i n g  f u r t h e r  examined to  
d e t e r m i n e  w h e t h e r  e i t h e r  t h e  s e v e r i t y  o r  t h e  c a u s e  o f  th e  d i s e a s e  
c o r r e l a t e s  w i t h  t h e  p o t a s s i u m  s t a t u s  o f  t h e  p a t i e n t s .
The m a i n t e n a n c e  o f  p o t a s s i u m  b a l a n c e  i n  p a t i e n t s  on r e g u l a r  
d i a l y s i s  t h e r a p y  dep en d s  on th e  f r e q u e n c y  o f  d i a l y s i s  and on t h e  
p o t a s s i u m  c o n c e n t r a t i o n  o f  t h e  d i a l y s a t e .  T o t a l  body p o t a s s i u m  
i n  t h e  g ro u p  o f  p a t i e n t s  b e i n g  m a i n t a i n e d  by th e  K i i l  d i a l y s e r  
was n o t  s i g n i f i c a n t l y  d i f f e r e n t  from th e  p r e d i c t e d  normal  v a l u e s ,  
w i t h  o n ly  2 o f  t h e  i n d i v i d u a l  p a t i e n t s  b e i n g  be low  t h e s e  v a l u e s .  
However, t h e  d i f f e r e n c e  b e tw e e n  th e  m easured  and p r e d i c t e d  t o t a l  
body p o t a s s i u m  i n  th e  g ro u p  b e i n g  m a i n t a i n e d  by t h e  K o l f f  t w i n -  
c o i l  d i a l y s e r  was s i g n i f i c a n t  and 4 o f  t h e  i n d i v i d u a l  p a t i e n t s  
w ere  d e p l e t e d .  There  v/as no s i g n i f i c a n t  change  i n  t h e  body 
p o t a s s i u m  l e v e l s  im m e d ia t e l y  b e f o r e  and a f t e r  d i a l y s i s  on t h e
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K i i l  a r t i f i c i a l  k id n e y  and s i n c e  t h e  p o t a s s i u m  b a l a n c e  i s  b e i n g  
m a i n t a i n e d  i n  t h i s  g ro up  o f  p a t i e n t s ,  t h e  r e s u l t  was n o t  un­
e x p e c t e d ,  The minimum d e t e c t a b l e  change  I n  body p o t a s s i u m  
v/ould have b e e n  a b o u t  ^  8^ (2  d ) # Morgan e t  a l ,  ( l 9 7 0 )  m easu red  
t h e  t o t a l  body p o t a s s i u m  i n  21 p a t i e n t s  w i t h  c h r o n i c  r e n a l  f a i l u r e  
b e i n g  t r e a t e d  on a K i i l  d i a l y s e r  w i t h  t h r e e  10 -  h o u r  p e r i o d s  o f  
d i a l y s i s  p e r  week a g a i n s t  a d i a l y s a t e  f l u i d  c o n t a i n i n g  1 , 5  mEq 
x / l i t r e  and a l s o  found  no e v id e n c e  o f  p o t a s s i u m  d e p l e t i o n ,
S e e d a t  ( 1 969 ) made a s t u d y  o f  th e  e f f e c t  o f  c h r o n i c  h a e m o d i a l y s i s  
on t h e  e x c h a n g e a b le  p o t a s s i u m  i n  7 p a t i e n t s  b e i n g  t r e a t e d  by 
means o f  a K i i l  d i a l y s e r  w i t h  a p o t a s s i u m  c o n c e n t r a t i o n  i n  t h e  
d i a l y s a t e  f l u i d  o f  1 n i E q / l i t r e ,  I n  5 o f  t h e  7 p a t i e n t s  s t u d i e d  
t h e r e  was a d e f i c i t  i n  t h e  e x c h a n g e a b le  p o t a s s i u m  o f  20 to  35^ 
and i  v was s u g g e s t e d  t h a t  t h e  l e v e l  o f  1 m S q K / l i t r e  i n  the  
d i a l y s a t e  may be to o  low. However, i t  sh o u ld  be n o t e d  t h a t  t h e  
e x c h a n g e a b le  p o t a s s i u m  i s  a l s o  low i n  p a t i e n t s  w i t h  c h r o n i c  r e n a l  
f a i l u r e  who a r e  n o t  r e c e i v i n g  r e g u l a r  d i a l y s i s  t h e r a p y  (Moore e t  
a l , ,  1954 ) 50 t h a t  i t  c a n n o t  be c o n c lu d e d  u n e q u i v o c a l l y  t h a t  t h e  
d e f i c i t  i n  S e e d a t ' s  p a t i e n t s  i s  a r e s u l t  o f  d i a l y s i s .  T o t a l  
body p o t a s s i u m  h a s  be en  m easu red  by Johny  e t  a l ,  ( 197O A) i n  I 5 
p a t i e n t s  on m a in t e n a n c e  h a e m o d i a l y s i s  u s i n g  a K o l f f  t w i n - c o i l  
a r t i f i c i a l  k i d n e y  w i t h  a d i a l y s a t e  p o t a s s i u m  c o n c e n t r a t i o n  o f  
1 m E q / l i t r e .  The p a t i e n t s  were  d i a l y s e d  f o r  8 h o u r s  tw ic e  
w e e k ly  and c o m p a r in g  t h e  p o t a s s i u m  p e r  kg  body w e i g h t  w i t h  an
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e x p e c t e d  v a l u e  f o r  no rm al  s u b j e c t s ,  o v e r  h a l f  o f  t h e  p a t i e n t s  
a p p e a r e d  t o  be  d e p l e t e d .  However,  i n s u f f i c i e n t  i n f o r m a t i o n  was 
g i v e n  to  d e t e r m i n e  th e  number o f  p a t i e n t s  i n  w h ich  t h i s  c o n c l u s i o n  
was s t a t i s t i c a l l y  j u s t i f i e d *  A p a r t  f rom th e  wide  r a n g e  o f  no rm al  
v a r i a b i l i t y  i n  p o t a s s i u m  i n  t e rm s  o f  body w e i g h t ,  c o u n t i n g  
s t a t i s t i c s  a l o n e  would r e s u l t  i n  an u n c e r t a i n t y  o f  ^  4*5^ f o r  a 
s u b j e c t  w i t h  140gK ( J o h n y  e t  a l * ,  1970 h ) . Both  J o h n s o n  e t  a l .  
( 1 9 6 9 ) and Novak e t  a l ,  ( 1 9 6 9 ) found t h a t  i f  d i a l y s i s  i s  l i m i t e d  
t o  two 12 h o u r  p e r i o d s  p e r  week p o t a s s i u m  d e p l e t i o n  i s  n o t  p r o ­
du ced  even i f  a p o t a s s i u m  f r e e  d i a l y s a t e  i s  u s e d .  I n  t h i s  
p r e s e n t  s t u d y ,  how ever ,  and a l s o  i n  t h a t  o f  Jo h ny  e t  a l .  ( l 9 7 0  A ) ,  
t h e  g ro u p  o f  p a t i e n t s  r e c e i v i n g  t r e a t m e n t  on t h e  K o l f f  t w i n - c o i l  
a r t i f i c i a l  k i d n e y  d i d  become p o t a s s i u m  d e p l e t e d .  The d i a l y s a t e  
p o t a s s i u m  c o n c e n t r a t i o n  u s e d  i n  th e  d i f f e r e n t  c e n t r e s  i s  v a r i a b l e  
i n d i c a t i n g  t h e  l a c k  o f  i n f o r m a t i o n  c o n c e r n i n g  t h e  i d e a l  l e v e l  
and a l s o  t h e  i n a d e q u a t e  knowledge  o f  p o t a s s i u m  b a l a n c e  d u r i n g  
h a e m o d i a l y s i s ,  A f u r t h e r  s t u d y  i s  a t  p r e s e n t  i n  p r o g r e s s  u s i n g  
t h e  K o l f f  a r t i f i c i a l  k i d n e y  to  m easu re  t h e  d i r e c t i o n  and m a g n i tu d e  
o f  p o t a s s i u m  change  d u r i n g  d i a l y s i s .
P r e l i m i n a r y  t r i a l s  i n  t h e  t r e a t m e n t  o f  r h e u m a to i d  a r t h r i t i s  
w i t h  d e p o t  t e t r a c o s a c t r i n  have  shown c o n s i s t e n t  and h i g h l y  
s i g n i f i c a n t  f a l l s  i n  p la sm a  p o t a s s i u m  w hich  have e ven  o c c u r r e d  
when an o r a l  s u p p le m e n t  o f  p o t a s s i u m  a s  Slow-K ( l . 2 g  t i d )  was 
a d m i n i s t e r e d  (Nuki  e t  a l . ,  1 9 7 0 ) .  T w e n t y - f o u r  h o u r  u r i n e  s t u d i e s
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d i d  seem to  s u g g e s t  t h a t  t h e r a p y  w i t h  d e p o t  t e t r a c o s a c t r i n  i s  
accom pan ied  by an  i n c r e a s e d  e x c r e t i o n  o f  p o t a s s i u m .  F u r t h e r ­
m o re ,  t h e  f a l l s  i n  p lasm a  p o t a s s i u m  a p p e a r e d  t o  be l a r g e l y  
u naccom pan ied  by c l i n i c a l  symptoms.  I n  t h i s  p r e s e n t  s t u d y ,  
t o t a l  body p o t a s s i u m  was m easu red  i n  a g ro up  o f  p a t i e n t s  w i t h  
r h e u m a to id  a r t h r i t i s  b e f o r e  commencing t h e r a p y  w i t h  d e p o t  
t e t r a c o s a c t r i n  and th e  m ea su re d  t o t a l  body p o t a s s i u m  was s i g n i f ­
i c a n t l y  l e s s  t h a n  th e  p r e d i c t e d  no rm al  v a l u e s ,  a l t h o u g h  t h i s  
d i f f e r e n c e  was s i g n i f i c a n t  i n  o n ly  two o f  t h e  i n d i v i d u a l  p a t i e n t s .  
The r e s u l t s  a r e  i n  a g re e m e n t  w i t h  t h o s e  o f  L a C e l l e  e t  a l .  ( 1 9 6 9 ) 
who found  w e i g h t  r e l a t e d  t o t a l  body p o t a s s i u m  t o  be  lo w er  i n  
p a t i e n t s  w i t h  r h e u m a to i d  a r t h r i t i s  t h a n  i n  c o n t r o l s .  Through­
o u t  t h e  c o u r s e  o f  t r e a t m e n t ,  t h e r e  was no s i g n i f i c a n t  change  i n  
t h e  t o t a l  body p o t a s s i u m ,  c o n f i r m i n g  t h e  r e s u l t s  o f  t h e  b a l a n c e  
s t u d y .  However, s i g n i f i c a n t  f a l l s  i n  t h e  p lasm a  p o t a s s i u m  
l e v e l s  o c c u r r e d  d u r i n g  t h e  f i r s t  tv/o weeks o f  t r e a t m e n t  and t h e s e  
l e v e l s  d i d  n o t  r e c o v e r  w i t h  t h e  a d m i n i s t r a t i o n  o f  e i t h e r  Slow-K 
o r  S p i r o n o l a c t o n e ,  The d i f f e r e n c e  i n  t h e  t o t a l  body p o t a s s i u m  
and p lasm a  p o t a s s i u m  i l l u s t r a t e s  t h e i r  p o o r  r e l a t i o n s h i p  i n  
c l i n i c a l  p r a c t i c e .  The a d m i n i s t r a t i o n  o f  l a r g e  d o s e s  o f  c o r t i c o ­
s t e r o i d s  o f t e n  r e s u l t s  i n  a f a l l  i n  t h e  p lasm a p o t a s s i u m  con­
c e n t r a t i o n  w i t h  t h e  a b s e n c e  o f  any i n c r e a s e d  l o s s  o f  p o t a s s i u m  
f rom  t h e  body (Bagshawe o t  a l .  I 9 6 5 , Ross and H u r s t  1965* L a C e l l e  
e t  a l .  1 9 6 9 ) .  T r e a tm e n t  w i t h  d e p o t  t e t r a c o s a c t r i n  seems to
101
r e s u l t  i n  a s i m i l a r  e f f e c t  i n  p a t i e n t s  w i t h  r h e u m a to i d  a r t h r i t i s ,  
n o t  l e a d i n g  to  a f u r t h e r  d e p l e t i o n  o f  p o t a s s i u m ,  h u t  p r o b a b l y  
p r o d u c i n g  a s h i f t  o f  p o t a s s i u m  i n t o  t h e  c e l l s .
T o ta l  body p o t a s s i u m  i n  p a t i e n t s  f o l l o w i n g  u r e t o r o s i g m o i d  
a n a s to m o se s  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  from t h e  p r e d i c t e d  no rm al  
v a l u e s ,  a l t h o u g h  when t h e  c a s e s  were t e s t e d  i n d i v i d u a l l y  t h e  
p o t a s s i u m  l e v e l  was low i n  two o f  t h e  p a t i e n t s  and was h i g h  i n  
t h r e e .  W i l l i a m s  e t  a l ,  ( 1 9 6 7 ) m easured  body p o t a s s i u m  i n  a 
co m p a rab le  g ro u p  c o m p r i s i n g  2? p a t i e n t s  o f  whom 23 had u r e t e r o -  
c o l i c  a n a s to m o s e s  and 4 had  r e c t o s i g m o i d  b l a d d e r s .  E i g h t e e n  
o f  t h e  p a t i e n t s  showed d e f i c i t s  o f  b e tw een  9 8.nd 30^.  W i t h i n  
t h i s  u r e t e r o c o l i c  g r o u p ,  o v e r  h a l f  o f  t h e  p a t i e n t s  showed some 
a c i d o s i s  and m ost  o f  t h e s e  had  h y p e r c h l o r a e m i a .  I n  a n o t h e r  
s t u d y ,  t h e  e x c h a n g e a b le  p o t a s s i u m  was m easu red  i n  12 p a t i e n t s  
f o l l o w i n g  u r e t e r o s i g m o i d  a n a s to m o s e s  by A n s e l l  e t  a l ,  ( 1961 ) 
who found  o n ly  1 p a t i e n t  w i t h i n  th e  norm al  r a n g e  and an a v e r a g e  
d e f i c i t  i n  t h e  r e m a in d e r  o f  a b o u t  33^. A l l  th e  p a t i e n t s  were 
s l i g h t l y  a c i d o t i o  and a l l  were  h y p e r c h l o r a e m i c  e x c e p t  f o r  1 d e ­
p l e t e d  p a t i e n t .  The g r o s s  p o t a s s i u m  d e p l e t i o n  s e e n  by t h e s e  
two g ro u p s  was a b s e n t  i n  t h i s  p r e s e n t  s t u d y .  The t o t a l  body 
p o t a s s i u m  was low i n  o n l y  2 o f  th e  p a t i e n t s  and t h e  d i f f e r e n c e  
b e tw e e n  th e  m easu red  and p r e d i c t e d  p o t a s s i u m  v a l u e s  was o n ly  
j u s t  s i g n i f i c a n t  a t  t h e  5^  c o n f i d e n c e  l i m i t ,  W i l l i a m s  e t  a l .  
( 196.7 ) s t u d i e d  t h e  p o t a s s i u m  c o n t e n t  o f  p a t i e n t s  f o l l o w i n g
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u r e t e r o i l e a l  a n a s to m o s e s  and i n  o v e r  30^ o f  t h i s  g ro u p  found  an 
e x c e s s  o f  w hole  body p o t a s s i u m .  T h is  t e n d e n c y  to  p o t a s s i u m  
r e t e n t i o n  was a l s o  s e e n  i n  3 o f  t h e  p r e s e n t  p a t i e n t s .  W i l l i a m s  
and c o l l e a g u e s  s u g g e s t e d  t h e  e x c e s s  o f  p o t a s s i u m  may be r e l a t e d  
t o  r e n a l  f u n c t i o n .  P r e v i o u s  s t u d i e s  on t h e  m i g r a t i o n  o f  i o n s  
i n  t h e  s m a l l  bowel  have shown t h a t  when th e  p o t a s s i u m  con­
c e n t r a t i o n  o f  a p e r f u s i n g  s o l u t i o n  i s  more t h a n  t h r e e  t im e s  t h e  
p la sm a  c o n c e n t r a t i o n ,  t h e n  p o t a s s i u m  a b s o r p t i o n  o c c u r s  ( p y r a h  e t  
a l ,  1 9 65 ) .  I f  t h e  f u n c t i o n  o f  th e  k i d n e y s  i s  n o r m a l ,  homeo­
s t a s i s  o f  t h e  p o t a s s i u m  c an  be a c h i e v e d  b u t  t h e r e  may be d a n g e r  
o f  p o t a s s i u m  r e t e n t i o n  i f  r e n a l  f u n c t i o n  i s  i m p a i r e d .  The 
d e v e lo p m e n t  o f  r e n a l  f a i l u r e  i n  t h e s e  p a t i e n t s  i s  n o t  uncommon 
and can  r e s u l t  f rom a s c e n d i n g  i n f e c t i o n  due to  f a e c a l  c o n ta m in ­
a t i o n ,  The r e s u l t s  a p p e a r  to  c o n f i r m  t h e  o r i g i n a l  h y p o t h e s i s  
t h a t  t h e  p o t a s s i u m  d e f i c i e n c y  i n  t h e s e  p a t i e n t s  c an  be o b v i a t e d ,  
a t  l e a s t  i n  p a r t ,  by t r e a t m e n t  o f  th e  h y p e r c h l o r a e m i c  a c i d o s i s .  
I t  s h o u ld  be  e m p h a s i s e d  t h a t  t h e  p a t i e n t s  were n o t  r e c e i v i n g  
p o t a s s i u m  su p p le m e n t  e i t h e r  d u r i n g  o r  p r i o r  to  t h e  s t u d y .
SUMMARY
To i l l u s t r a t e  t h e  a p p l i c a t i o n  o f  t h e  t e c h n i q u e s  d e s c r i b e d  
i n  t h e  p r e v i o u s  two c h a p t e r s ,  t o t a l  body p o t a s s i u m  h a s  b een  
m ea su re d  i n  t h r e e  c l i n i c a l  d i s o r d e r s ,
. The f i r s t  c o n d i t i o n  s t u d i e d  was c h r o n i c  r e n a l  f a i l u r e  and
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c o m p a r in g  t h e  m easu red  t o t a l  body p o t a s s i u m  w i t h  t h e  p a t i e n t s '  
p r e d i c t e d  v a l u e ,  t h e  r e s u l t s  were  low i n  l 6 ÿ  o f  t h e  s u b j e c t s  and 
h i g h  i n  12^/. T h i s  v a r i a t i o n  a p p e a r s  to  c o r r o b o r a t e  t h e  f i n d i n g s  
o f  o t h e r  w o r k e r s .  I n  p a t i e n t s  who were  a l s o  r e c e i v i n g  r e g u l a r  
d i a l y s i s  t h e r a p y ,  t h e  d i f f e r e n c e  b e tw ee n  t h e  m easu red  and p r e ­
d i c t e d  t o t a l  body p o t a s s i u m  v/as n o t  s i g n i f i c a n t  when a K i i l  a r t i ­
f i c i a l  k id n e y  was u s e d ,  w i t h  o n ly  2 o f  t h e  i n d i v i d u a l  p a t i e n t s  
b e i n g  be low t h e  p r e d i c t e d  n o rm a l .  However, th e  m easu red  t o t a l  
body p o t a s s i u m  was s i g n i f i c a n t l y  l e s s  t h a n  th e  p r e d i c t e d  v a l u e s  
u s i n g  a K o l f f  t w i n - c o i l  d i a l y s e r  and 4 o f  th e  i n d i v i d u a l  p a t i e n t s  
w e re  d e p l e t e d .  There  was no change i n  t h e  body p o t a s s i u m  l e v e l s
i m m e d i a t e l y  b e f o r e  a n d  a f t e r  d i a l y s i s  on t h e  K i i l  d i a l y s e r .  A
{
f u r t h e r  s t u d y  i s  a t  p r e s e n t  i n  p r o g r e s s  u s i n g  t h e  K o l f f  a r t i f i c a l  
k i d n e y  t o  m e a s u r e  p o t a s s i u m  k i n e t i c s  d u r i n g  d i a l y s i s .
The s e c o n d  c l i n i c a l  c o n d i t i o n  i n  w h i c h  t h e  p o t a s s i u m  s t a t u s  
h a s  b e e n  i n v e s t i g a t e d  i s  r h e u m a t o i d  a r t h r i t i s ,  w h e re  t h e  e f f e c t  
o f  t r e a t m e n t  w i t h  d e p o t  t e t r a c o s a c t r i n  was s t u d i e d .  The p r e ­
t r e a t m e n t  p o t a s s i u m  c o n t e n t  o f  t h e s e  p a t i e n t s  was  b e lo w  t h e  p r e ­
d i c t e d  n o r m a l  v a l u e .  T h r o u g h o u t  t h e  c o u r s e  o f  t h e r a p y ,  h o w e v e r ,  
t h e r e  was no d e t e c t a b l e  c h a n g e  ii,. t h e  t o t a l  body  p o t a s s i u m ,  
a l t h o u g h  t h e  f a l l  i n  t h e  p l a s m a  p o t a s s i u m  was  h i g h l y  s i g n i f i c a n t .
F i n a l l y ,  t o t a l  body  p o t a s s i u m  h a s  b e e n  m e a s u r e d  i n  a g r o u p  
o f  p a t i e n t s  f o l l o w i n g  u r o t e r o s i g m o i d  a n a s t o m o s e s .  The d i f f e r e n c e  
b e t w e e n  t h e  m e a s u r e d  and  p r e d i c t e d  t o t a l  b ody  p o t a s s i u m  was n o t
1 0 4
s i g n i f i c a n t  b u t  t e s t i n g  t h e  p a t i e n t s  i n d i v i d u a l l y  showed th e  
p o t a s s i u m  l e v e l  to  be m a r g i n a l l y  low i n  2 o f  th e  c a s e s  and to  
be h i g h  i n  3. The r e s u l t s  a p p e a r  to  c o n f i r m  t h e  o r i g i n a l  
h y p o t h e s i s  t h a t  t h e  m e t a b o l i c  s e q u e l a e  o f  t h i s  t y p e  o f  u r i n a r y  
d i v e r s i o n  w h ich  i n c l u d e s  p o t a s s i u m  d e p l e t i o n  u s u a l l y  i n  
a s s o c i a t i o n  w i t h  h y p e r o h l o r a e m i c  a c i d o s i s  c an  be o b v i a t e d  by 
a d e q u a te  t r e a t m e n t  o f  th e  a c i d o s i s .
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